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REMARKS 

Applicants' representatives acknowledge with appreciation the communication from 
Examiner Due Truong on July 21 and 23 requesting a paper copy of Senior Party Zook (PRC) 
Motion 2 ((Miscellaneous Motion Requesting Acceptance of an Unintentionally Delayed 
Request for Priority Benefit), the opportunity to inform Examiner Due Truong of the duty 
imposed during Interference 105,555 (MPT) to address allegations raised by Junior Party Zook 
(PBT) that certain claims lack written description and/or are based upon new matter, and 
authorization to provide the requested paper copy of PRC's Motion 2 with the paper addressing 
the outstanding issues raised by the allegations of the Junior Party. 

New claims 44-47 have been added. Claims 35 and 43 have been amended. The new 
claims are all dependent claims and the amended claims have been narrowed by the present 
amendment. Thus, neither the new claims nor the amended claims raise any new issues of 
patentability; moreover, the present amendments do not add new matter. The new claims find 
support in the application as originally filed. For example, support for: claim 44 can be found at 
page 21, lines 28-29; claim 45 can be found at page 20, line 9; claim 46 can be found at p. 19, 
line 11-16, and page 20, lines 3-6 and 11-13; and claim 47 can be found at page 34, line 7, to 
page 35, line 17 (see also page 19, lines 19-23). Similarly, the amendment of previously pending 
claims 35 and 43 find support at page 20, lines 11-13. Since all of these inventions are 
reasonably conveyed by the specification, there is no issue of new matter. 

Motion with Petition to Correct Unintentionally Delayed Request for Priority Benefit 

Senior Party Zook (PRC) Motion 2 ((Miscellaneous Motion Requesting Acceptance of an 
Unintentionally Delayed Request for Priority Benefit) was originally filed November 30, 2007. 
As requested by the Office, a copy of the previously filed motion and associated papers is 
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provided herewith in paper form. Applicants submit that the motion and associated papers 
support the grant of the benefit of priority as set forth therein. Applicants request that the 
Examiner forward the motion and associated papers to the Petitions branch for processing. 
Unfounded Allegations of a Lack of Written Description and/or New Matter 
Junior Party Zook (PBT) included in its Preliminary Motion List (Attachment A), dated 
August 22, 2007, allegations that claim 22 and claims dependent therefrom were unpatentable 
because "there is no support for the term 6 m' to be defined as an 'integer'." Specifically, PBT 
alleged that: 

claims 22-27 and 35-43 of... Application 10/302,177 [s/c],that 
correspond to the count, are unpatentable for new matter . . . The 
Senior Party's specification, and the claims as originally filed, 
recite that "m" is a rational number . . . claim 22 was amended to 
state that "m" "an integer between 0 and 1 0". It is axiomatic that 
"0" is an integer, but not a rational number, [and that] claims 22-27 
and 35-43 ... are unpatentable for lack of written description 
support . . . [as] there is no support for the term "m" to be defined 
as an "integer". 

(Junior Party Zook's Preliminary Motion List, page 2, line 16, to p. 3, line 8)(emphasis in 
original) The Board mandated that "PRC sh[ould], upon resumption of ex parte prosecution, 
inform the Examiner of PBT 5 s rational number allegation and/or amend the claims to correct the 
alleged problem." (Attachment B: Interference 105,555 (MPT), Paper 22, page 3, lines 17-19) 

In response, Applicants submit that both the arguments raised by Junior Party Zook stem 
from a single, fundamental error. Specifically, the error that zero (0) is not a rational number. 
Variously defined, a rational number is "[a] number capable of being expressed as an integer or 
quotient of integers" (Webster's II New College Dictionary (3rd Ed. (2005)) or "a number that 
can be expressed as an integer or the quotient of an integer divided by a nonzero integer" 
(Merriam- Webster Online Dictionary). Further, an integer is "[a] member of the set of positive 
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numbers {1, 2, 3, ...}, negative whole numbers {-1, -2, -3, ...}, and zero {0} ..." (Webster's II 
New College Dictionary (3rd Ed. (2005)) As zero (0) is an integer, by definition, and a rational 
number is one that can be expressed as the quotient of an integer divided a nonzero integer, again 
by definition; zero, which can be expressed as zero divided by a nonzero integer, is a rational 
number. 

Stemming from the underlying, fundamental error that zero (0) is not a rational number, 
the allegations that claims 22-27 and 35-43 are unpatentable for new matter and/or for lack of 
written description presented during Interference 105,555 (MPT) are unfounded as the phrase 
"rational number" characterizing the variable "m" in the chemical formula indicates integers, 
including zero. Applicants request allowance of the claims to issue. 



Should this amendment or any of the papers submitted herewith raise any questions, the 
Examiner is urged to contact Applicants' attorney undersigned below for a telephonic interview 
to resolve the questions. Please grant any extensions of time required to enter this response and 
charge any additional required fees to Deposit Account No. 06-0916. 



CONCLUSION 



Respectfully submitted, 



Date: October 8, 2008 




Wesley B.TDerrick 
Reg. No. 46,659 

Telephone - Direct: 650-849-6732 
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ATTACHMENT A 

Filed on behalf of: 

Junior Party Jonathan D. Zook Paper No. 

Mark D. Schneider 

Douglas W. Sprinkle 

Avery N. Goldstein 

G1FFORD. KRASS. SPRINKLE. 

ANDERSON AND C1TKOWSK1. PC 
2701 Troy Center Drive. Ste. 330 
P.O. Box 7021 
Troy. Michigan 48007 
(248) 647-6000 
(248) 647-5210 (Fax) 
litigation@patlaw.coni 

UNITED STATES PATENT AND TRADEMARK OFFICE 



BEFORE THE BOARD OF PATENT APPEALS 
AND INTERFERENCES 



JONATHAN D. ZOOK, DAVID W. JORDAN, DEAN M. WJLLARD. 
GEORGE JONES, AND MICHAEL COSMAN. 
Junior Party ("PBT") 
(U.S. Patents 6,525,168 and 6.723,827) 



JONATHAN D. ZOOK, SUSAN E. DEMOSS. 
DAVID W. JORDANAND CHANDRA B. RAO 
Senior Party ("PRC") 
(U.S. Application 10/644 .389). 



Patent Interference No. 105.555 (MPT) 
(Technology Center 1 700) 



JUNIOR PARTY ZOOK S PRELIMINARY MOTION LIST 



1 Pursuant to the requirements of the Declaration of this interference (Paper No. 1 . page 2). 

2 and in accordance with 37 C.F.R. § 41.120 and «j 204 of the Standing Order (Paper No. 2. page 

3 58), the Junior Party Zook et a! ("PBT V ) hereby requests the Board's authorization to file the 

4 following motions seeking the relief set forth below: 

5 1 . PBT Motion 1 - Pursuant to 37 C.F.R. $41,121 (iii) and 41 .208(a)( 1 ). a motion for 

6 judgment of no interferenee-in-fact as to all claims of Junior Party PBT U.S. Patent No. 

7 6,723,827, as all the claims of the *827 patent are directed to a separate patentable invention. 

8 The interference Declaration identified all claim of the '827 patent as corresponding to 

9 the count. The count is directed to a polythioether. The '827 patent, however, was based upon a 
10 divisional application of the 168 patent is directed entirely at a process for forming a 
1! polythioether. As a divisional application, the process claims of the '827 patent cannot, by 

12 definition, be directed to the same patentable invention as the product claim of the count. Senior 

1 3 Party PRC U.S. Application 1 0/302. 1 77 is also not enabling for the claims of the "827 patent. 

14 2. PBT Motion 2 - Pursuant to 37 C.F.R. § 41.121(iii) and 41 .208(a)(1), amotion for 

15 judgment that claims 22 - 27 and 35 - 43 of Senior Party PRC U.S. Application 10/302.1 77. that 

1 6 correspond to the count, are unpatentable for new matter in view of 35 U.S.C. § 1 12. 1| 1 . 

17 35 U.S.C. § 132 provides. "... No amendment shall introduce new matter into the 

18 disclosure of the invention/' The Senior Party's specification, and the claims as originally filed. 

19 recite that "nrf is a rational number. In the preliminary amendment dated March 16. 2004 claim 

20 22 was amended to state that "m" "an integer between 0 and 10 v . It is axiomatic that "(T is an 

21 integer, but not a rational number. Therefore, the amendment of March 16. 2006 introduced new 

22 matter. 



1 3. PBT Motion 3 - Pursuant to 37 C.F.R. § 41.121(iii) and 41.208(a)(1), a motion for 

2 judgment that claims 22 - 27 and 35 - 43 of Senior Party PRC U.S. Application 10/302.1 77. that 

3 correspond to the count, are unpatentable for lack of written description support as required by 

4 35 U.S.C. lilt 1. 

5 The Senior Party's specification, and the claims as originally filed, recite that "m" is a 

6 rational number. In independent claim 22. the term "m" is defined as '"an integer between 0 and 

7 10". Accordingly, there is no support in the "177 application for the term "m v to be defined as 

8 an "integer". 

9 4. PBT Motion 5 - Pursuant to 37 C.F.R. § 41.121(i) and 41.208(a)(2), a motion 

10 designating claims 7. 9 and 10 -13 of Junior Party PBT U.S. Patent No. 6,525,168 as not 

1 1 corresponding to the count. 

12 The count, if treated as prior art, would not have anticipated or rendered obvious the 

1 3 subject matter of clai ms 7, 9 and 10-13 of the 4 1 68 patent. 

14 5. PBT Motion 6 - Pursuant to 37 C.F.R. § 41.208(a)(1). and contingent on the grant 

15 of motions 1 or 2 and the initiation of settlement discussions, a motion to add inventors Willard. 

16 Jones and Cosman of Junior Party PBT U.S. Patent Nos. 6,525.168 and 6.723,827 to of Senior 

17 Party PRC U.S. Application 10/302.177. 
18 

19 Respectfully submitted. 



20 

21 Dated: August 22. 2007 

22 

23 

24 

25 



s/Mark D. Schneider 

Mark D. Schneider 
Registration No. 43.906 
Counsel for Junior Party Zook 



ATTACHMENT B 

1 

2 Mail Stop Interference 

3 P.O. Box 1450 

4 Alexandria Va 22313-1450 

5 Tel: 571-272-4683 

6 Fax: 571-273-0042 
7 



§ UNITED STATES PATENT AND TRA DEMARK OFFICE 

10 BEFORE THE BOARD OF PATENT APPEALS 

^ A ND INTERFERENC ES 
13 

14 JONATHAN D. ZOOK, DAVID W. JORDAN, DEAN M. WILLARD, 

1 5 GEORGE JON ES, and MICHAEL COSMAN, 

16 Junior Party ("PBT") 

17 (U.S. Patents 6,525,168 and 6,723,827), 
18 

19 v. 
20 

21 JONATHAN D. ZOOK, DAVID W. JORDAN, 

22 SUSAN E. DEMOSS and CHANDRA B. RAO 

23 Senior Party ("PRC") 

24 (U.S. Application 10/644,389). 

i§ 

27 Patent Interference No. 105,555 (MPT) 

(Te chnology Center 17 00) 

30 

31 Order Motion Times - Bd.R. 104(c) 
32 

33 A. Conference call 
34 

35 A telephone conference call was held on August 28, 2007 at approximately 

36 2:00 p.m., involving: 
37 

38 1 . Mark D. Schneider, counsel for Zook PBT, 

39 2 Jerry D. Voight, counsel for Zook PRC, and 

40 3. Michael Ticrney, Administrative Patent Judge. 
41 



Paper 22 
Filed 29 August 2007 



I . 

1 B. Relevant discussion during conference call 

2 

3 The principal purpose of the conference call was to set times for taking 

4 action on motions in the interference. Based upon the conference call the 

5 following came to light: 

6 1 ) Junior party PBT will not be filing a brief on priority of invention. 

7 Junior party stated that it does not contest priority; 

8 2) Senior Party PRC's involved '389 application lacks continuity with its 

9 parent application as PRC failed to specifically file an extension of time in the 

10 parent application prior to its abandonment; 

1 1 3) Senior Party PRC has a reissue application that is a constructive 

12 reduction to practice of Count 1 that is prior to PBT, and contains claims that 

13 interfere with PBT. (See Order, Paper 3). 

14 In light of the above facts, PBT was authorized to file a motion seeking to 

15 undesignated certain claims of its '168 patent and a motion alleging no 

16 interference- in-fact between its involved '827 patent and PRC's '389 application. 

17 PRC was authorized to file motions seeking to correct continuity and add a 

18 divisional reissue application to the interference. No other motions were 

19 authorized. A discussion of these as well as the other motions identified on the 

20 parties' lists is provided below. 
21 

22 PBT's Motions List 

23 1. Motion for No Interference-in-Fact 

24 PBT alleges that PBT's '827 patent does not contain a claim that interferes 

25 with the claims of PRC's involved '389 application. In particular, PBT alleges that 

26 its '827 patent claims a process that is patentably distinct from the '389 patent, 

2 



1 which claims a product. The Board authorized PBT's requested no interference-in- 

2 fact motion. 
3 

4 2. Motion to Undesignate PBT Claims 

5 PBT requests authorization to file a motion to undesignate claims 7 and 9-13 

6 of its involved 4 1 68 patent. PBT request is authorized. 
7 

8 3. Motion Alleging Lack of Written Description 

9 PBT requests authorization to file a motion alleging that some, but not all, 



10 PRC claims lack written description and/or are based upon new matter. 

1 1 Specifically, PBT states that PRC's application describes "m" as a rational number 

12 but that PRC's claims were amended to recite that m is an integer between 0 and 

13 10. PBT states that 0 is not a rational number and concludes that the PRC claims 

14 that identify "m" as including 0 lack written description. 

1 5 PBT does not contest priority of invention. PBT acknowledged that there is 

16 an interference-in-fact between PRC and PBT even if the "m=0" PRC claims were 

17 held unpatentable. Accordingly, the Board denies PBT's request. PRC shall, upon 

18 resumption of ex parte prosecution, inform the Examiner of PBT's rational number 

19 allegation and/or amend the claims to correct the alleged problem. 
20 

21 4) Motion to Correct Inventorship 

22 PBT requested authorization to correct inventorship should it be necessary. 

23 PBT's request to file motions correcting inventorship is dismissed without 

24 prejudice. 
25 
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1 PRC's Proposed Motions 

2 1 . Motions to Substitute a Count and Attack Benefit 

3 PRC requests authorization to file a motion to substitute a count. PRC also 

4 requested authorization to file a motion attacking PBT's accorded priority benefit. 

5 PRC conceded that these motions are moot as PBT does not contest priority of 

6 invention. PRC's requests to file motions substituting a count and attacking 

7 priority benefit are dismissed without prejudice. 
8 



9 2. Motions for Unpatentability: Prior Art & Derivation 

10 PRC requests authorization to file motions alleging that all of PBT's 

1 1 involved claims are unpatentable based upon prior art and derivation. PRC 

12 conceded that these motions are moot as PBT does not contest priority of 

13 invention. 

14 PBT's only authorized motions seek to restrict the number of PBT claims 

15 involved in the interference. PBT does not contest priority of invention as to the 

16 claims that are found to correspond to Count l . Accordingly, the Board dismissed 

1 7 PRC's request to file motions based upon prior art and derivation as judgment will 

18 be awarded against PBT's claims that correspond to Count 1 , i.e., PBT's claims 

19 will be held unpatentable under 35 U.S.C. § 102(g). 



20 



21 3. Motions to Correct Continuity 

22 a. Miscellaneous Motion for Accept Unintentionally Delay Claim 

23 For 35 U.S.C. § 1 20 benefit 
24 

25 PRC requests authorization to file a motion to accept an unintentionally 



26 delayed claim for 35 U.S.C. § 120 benefit of an earlier filed application. In 
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1 particular, PRC seeks to amend its involved '389 application to properly claim 

2 benefit of an additional application, U.S. Application 09/3 1 8,500. The Board 

3 authorizes PRC's request. The Board informed PRC however, that for purpose of 

4 the interference the Board may determine that PRC's requested relief is moot in 

5 light of PBT's failure to contest priority of invention. 

6 NO OPPOSITION to PRC's miscellaneous motion to accept unintentionally 

7 delayed claim for benefit is authorized at this time. 
8 

9 b. Miscellaneous Motion to Correct Copendency 

10 PRC's involved '389 application claims 35 U.S.C. § 120 benefit of a chain 



1 1 of applications. PRC's '389 application is a continuation of U.S. Application 

12 10/302,177. PRC's '389 application was filed on August 19, 2003. PRC's parent 

13 '177 was abandoned on May 20, 2003 for failure to respond to a non-final office 

14 action. PRC apparently failed to file a request for a three-month extension of time 

15 in the '177 application prior to its filing of the child '389 application. 



16 PRC's motion shall include a petition seeking the revival of its '177 

17 application for the purpose of filing a three-month extension of time such that the 

18 ' 1 77 application would have been copending with PRC's '389 application. 

19 PRC's motion shall identify all necessary evidence sufficient to demonstrate 



20 that PRC intended to properly file a three-month extension of time in the '177 

21 application prior to its abandonment. Further, the Board requests that, to the extent 

22 possible, PRC provide a declaration from the attorney who filed the child '389 

23 application, with the declaration explaining how the error in copendency arose. 

24 PRC shall file any and all evidence relied upon in its motion and petition 

25 concurrent with their filing. 
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1 PRC requested and PBT did not oppose the expedited filing of this motion. 

2 PRC's motion is due October 9, 2007. Prior to filing its motion, PRC shall 

3 provide a copy of the motion to PBT in sufficient time such that PBT may 

4 determine whether or not PBT intends to oppose the motion. The first page of 

5 PRC's motion shall state whether or not PBT intends to oppose the grant of the 

6 motion. Concurrent with the filing of the motion, PRC shall file any and all 

7 evidence relied upon in the motion. 
8 

9 4. Motion to Add Reissue Application 

10 As discussed in the Order, Paper 3, PRC has a reissue application, 

1 1 10/788,965, that contains claims that interfere with PBT's involved claims. The 

12 reissue application is currently suspended awaiting the filing of a divisional reissue 

13 application where the divisional application would be directed to the interfering 

14 subject matter. PRC requests authorization to file a motion seeking to add a yet to 

15 be filed divisional reissue application to the interference. 

16 PRC's reissue application is a "great-grandparent" application of the 

17 involved '389 application. A divisional of this reissue application would be 

18 accorded the same constructive reduction to practice benefit as the '389 application 

19 was accorded. The divisional reissue application would allegedly avoid the 

20 copendency problem presented by the '389 application. . 

21 The Board authorizes the filing of a motion to add a PRC divisional reissue 

22 application to the interference. The Board authorizes PRC to file its motion on an 

23 expedited basis on October 9, 2007. Should PRC file its motion on an expedited 

24 basis, PRC shall provide a copy to in sufficient time for PBT to determine whether 

25 PBT intends to oppose the motion. The first page of PRC's motion shall state 
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1 whether PBT intends to oppose the motion. Concurrent with the filing of the 

2 motion, PRC shall file any and all evidence relied upon in the motion. 

3 PRC agreed to provide the Board with a status update on the '965 reissue 

4 application, and any divisional thereof, on September 29, 2007. 
5 

6 C. Time periods associated with motions 

7 In accordance with discussion during the telephone conference call, the 

8 TIME PERIODS described below are set out in an Appendix to this ORDER. 

9 Action specified for each TIME PHIUOD must be completed by the date specified 

10 for the TIME PERIOD 

1 1 The parties are authorized lo stipulate different times (earlier or later, but not 

12 later than TIME PERIOD 7) for TIME PERIODS 1 through 6.' A notice of the 

13 stipulation must be promptly filed. The notice must be in the form of a photocopy 

14 of the Appendix attached to this ORDER with old dates crossed out and new dates 

15 inserted by hand. The parties may not stipulate an extension of TIME PERIODS 

16 M- 

1 In stipulating different times, the parties should consider the effect of the 
stipulation on times (1 ) to object to evidence (5 business days, Bd.R. 155(b)(1)), 
(2) to supplement evidence (10 business days. Bd.R. 155(b)(2)), (3) to begin cross 
examination (no earlier than 21 days after service, SO & 157.3.1) and (4) to 
conclude cross examination (at least 10 days before the opposition or reply is due, 
SO & 157.3.2). 
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1. TIME PERIOD 1 

a. Kile and serve all authorized motions and 

b. Serve but do not File evidence in support of these 

motions. 

If no party files a motion, the SENIOR PARTY must arrange a conference 
call with the parties and the Board so that appropriate adjustments to the schedule 
may be made. 

2. TIME PERIOD 2 

a. Kile and serve responsive motions (Bd.R. 121(a)(2)) in 
response to an opponent's motion filed during TIME 
PERIOD 1 and 

b. Serve but do not file evidence in support of these 
responsive motions. 

3. TIME PERIOD 3 

a. File and serve oppositions to all motions, including 
responsive motions and 

b. Serve but do not file evidence in support of these 
oppositions. 

4. TIME PERIOD 4 

a. File and serve replies to all oppositions and 

b. Serve but do not File evidence in support of these replies. 

5. TIME PERIOD 5 

a. File and serve any request for oral argument on motions, 

b. File and serve motions to exclude evidence 
(Bd.R. 155(c); SO & 155.2), and 
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c. Kile and serve observations on cross examination (SO 
& 157.7) of reply testimony. 

6. TIlME PERIOD 6 

a. File and serve oppositions to an opponents motion to 
exclude evidence and 

b. File and serve any response to observations. 

7. TIME PERIOD 7 

File and serve replies to oppositions to motions to exclude evidence. 

D. Deposition transcripts 

Transcripts of cross examinations and depositions taken under 35 U.S.C. 24 
must be served, but not filed until the exhibits are filed. 

E. Serving exhibits relied upon in motions 

An exhibit, including an affidavit, cited in connection with a motion, 
opposition, reply, or affidavit, must be served, but not filed , 2 with the motion, 
opposition, reply or affidavit in which the exhibit is first mentioned. 

F. TIME PERIOD 8: Filing the record for decision on motions 

1 . File an original set of your exhibits and one working copy of 
your exhibits; 



2 Except when the Board sets an expedited schedule for a particular motion, in 
which case, all exhibits mentioned in that motion or the corresponding opposition 
or reply must be filed with the motion, opposition, reply, or affidavit in which the 
exhibit is first mentioned. 
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2. For each of your motions, file one folder (or three folders if an 
oral argument is set each) containing: 

a. The motion, 

b. Any corresponding opposition, 

c. Any corresponding reply, 

d. Any corresponding observations, and 

e. Any corresponding response to the observations. 

3. File CD-ROM a party elects to file. 



G. TIME PERIOD 9: Default oral argument date 

If a request for oral argument (Bd.R. 124(a); TIME PERIOD 5) is granted, 
the default date for such argument is TIME PERIOD 9. No oral argument will 
occur if either no argument is requested or granted. 

H. Priority statements 

1. AtTJMl: PERIOD 1: 

a. File but do not serve a priority statement (Bd.R. 120; 
Bd.R. 204(a)). 

b. File and serve a notice advising each opponent of the 
filing of the priority statement. 

2. A junior party who does not file a priority statement shall not 
have access to the priority statement of any other party. 



10 



3. Within one (1) week after TIME PERIOD 1, serve a copy of 
the priority statement upon each opponent (except for a junior 
party barred under & H.2 above). 

cc (via electronic filing): 



Attorney for ZOOK (PBT): 

Mark D. Schneider, Esq. 

GIFFORD, KRASS, SPR1NKEL, ANDERSON 

And CITKOWSK1, P C. 
2701 Troy Center Drive, Suiie 330 
Troy, MI 48007 

Email: litigationffipatlaw.com 

Attorney for ZOOK (PRC): 
Jerry D. Voight, Esq. 

FINNEGAN, HENDERSON, FARABOW, 

GARRETT and* DUNNER LLP 
3300 Hillview Avenue 
Palo Alto, CA 94304-1203 
Email : jerry. voight(t;A f mnegan. com 
Email: Wes 1 ev . d e rri cku'tjfinnegan .com 



Revised 3 January 2006 
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Appendix— ORDER - RULE 123(a) 
(Times for substantive motions; priority deferred) 

Interference 105,555 (MPT) 

TIME PERIOD 1 November 9, 2007 

File motions 

File (but serve one week later) priority statements 

TIME PERIOD 2 November 30, 2007 

File responsive motions to motions 
filed in TIME PERIOD 1 

TIME PERIOD 3 January 11, 2008 

File oppositions to all motions 

TIME PERIOD 4 February 22, 2008 

File all replies 

TIME PERIOD 5 April 4, 2008 

File request for oral argument 
File motions to exclude 
File observations 

TIME PERIOD 6 April 28, 2008 

File oppositions to motions to exclude 
File response to observations 

TIME PERIOD 7 May 8, 2008 

File replies to oppositions to motions to exclude 

TIME PERIOD 8 May 15, 2008 

File exhibits 

File sets of motions 

File any CD-ROMs 

TIME PERIOD 9 J une 13 > 2008 

Default oral argument date (if ordered) 
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1. PRECISE RELIEF REQUESTED 

Senior Party Zook (PRC) moves under 37 C.F.R. § 41.121(a)(3) to perfect the previously 
claimed 35 U.S.C. § 120 benefit of priority of U.S. Patent Application Nos. 08/802,130 and 
09/318,500, now U.S. Patent Nos. 5,912,319, and 6,232,401, respectively. Specifically, PRC 
seeks to amend the specification of involved Application No. 10/644,389 to properly recite the 
alternate priority chain with the correct relationships between applications to perfect a claim for 
35 U.S.C. § 120 benefit of these earlier applications. If necessary, PRC also seeks to amend the 
'389 application's parent, now abandoned Application No. 10/302,177. 

II. EVIDENCE IN SUPPORT OF THE MOTION 

In accordance with ^12 1.5.1 of the Standing Order, a list of exhibits cited in support of 
this motion is attached as Appendix 1 . 

III. STATEMENT OF MATERIAL FACTS 

In accordance with 1(121. 5.2 of the Standing Order, and the Order filed August 29, 2007 
[Paper No. 22], PRC's statement of material facts supporting this motion is attached as Appendix 

2. PRC's material facts will be referred to as "MF" in this motion. 

IV. REASONS FOR GRANTING RELIEF REQUESTED 

A. Introduction 

The present interference was declared on the basis of a single count, Count 1, 
corresponding to claim 6 of U.S. Patent 6,525,168. Paper No. 1, p. 5. In the Declaration of 
interference, PRC's involved Application No. 10/644,389 ("the '389 application") was accorded 
the benefit of four (4) prior-filed applications for Count 1, whereby PRC was accorded an 
effective filing date of February 19, 1997. Paper 1, p. 6. Upon review of the file histories of the 
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involved '389 application and the four prior-filed applications to which PRC is accorded benefit, 1 
PRC discovered that a previously claimed benefit of priority through an alternative chain of 
applications that includes an application which is not part of the basis for accorded benefit in the 
interference, includes errors in the relationships between applications. MFs 4-6. 

The somewhat complex priority chains relevant to the involved '389 patent are easily 
understood by reference to Exhibit 1003. Exhibit 1003 shows all relevant parent applications, 
numbered in order of filing dates, and their relationships. In Exhibit 1003, the proper priority 
benefit chains are shown connected by solid lines, while the improper alternative priority chain as 
recited in the '389 application is shown illustrated by a line composed of dashes. 

After declaration of the present interference, PRC became aware that the alternate priority 
chain recited in parent U.S. Application No. 10/302,177 ("the '177 application") is ambiguous 
while the alternate priority chain recited in the involved '389 application improperly indicates that 
the application is a continuation-in-part (CIP) of U.S. Patent Application No. 09/318,500 ("the 
'500 application"), an application not included in the application to which movant was accorded 
priority benefit. MFs 5-6. However, there was not copendency between the '500 application, 
which issued as U.S. Patent 6,232,401 on May 15, 2001, and either the '177 application, filed on 
November 21, 2002, or the '389 application, filed on August 19, 2003; neither of these 
applications can be a CIP of the '500 application. MF 7. Rather, in accordance with the alternate 
priority claim, the '177 application is a continuation of another parent application, U.S. Patent 



1 Specifically, PRC was accorded benefit of the filing dates of prior U.S. Patent Application Nos. 
10/302,177, 09/756,573, 08/928,972 ("the '972 application"), and 08/802,130 ("the '130 
application"). 
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Application No. 09/756,573 ("the '573 application"), which is a CIP of the '500 application, 
while the '389 application is a continuation of the '177 application. MF 8. 

PRC seeks to perfect the '389 application's alternate priority claim by amending the first 
paragraph of the '389 application to properly recite the relationship between the '389 application 
and the '500 application. This previously authorized miscellaneous motion requests the Board to 
accept an unintentionally delayed claim for 35 U.S.C. § 120 benefit of an earlier filed application. 

B. PRC is Entitled to Claim the Benefit of the '500 Application (No. 3) 

Requirements sufficient for claiming the benefit of an earlier filing date are set forth in 
part in 37 C.F.R. § 1.78(a). MF 9. This rule imposes six requirements which must be met in 
order for an application to receive the benefit of an earlier-filed application's filing date. 
Specifically, 37 C.F.R. § 1.78(a) requires: (i) copendency; (ii) common inventorship; (iii) 
compliance with 35 U.S.C. § 1 12, first paragraph; and (iv) compliance with Rule 1.53(b) or (d); 
and 37 C.F.R. § 1.78(b) requires: (v) reference in the application to each prior-filed application, 
identifying the prior application by application number and indicating the relationship of the 
applications, (vi) which reference must be submitted within the later of four months from the 
actual filing date of the later-filed application or sixteen months from the filing date of the prior- 
filed application. Only the fifth and sixth requirements are in issue with regard to the alternative 
priority claim. MF 10. 

The first requirement of Rule 1 .78, copendency, is satisfied. MFs 9 & 1 1 . The '389 
application (No. 6) was filed on August 19, 2003, as a continuation of the '177 application (No. 
5). The '177 application (No. 5) was filed on November 21, 2002, as a continuation of the then- 
pending '573 application (No. 4), which did not issue until January 21, 2003. The '573 
application (No. 4) was filed on January 8, 2001, as, inter alia, a CIP of the then-pending '500 
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application (No. 3), which did not issue until May 15, 2001. The '500 application (No. 3) was 
filed on May 25, 1999, and was a divisional of the then-pending '130 application (No. 1), which 
did not issue until June 15, 1999. Thus, effective copendency for purposes of claiming priority 
existed. 

The second requirement of Rule 1.78 is that the later filed application must have at least 
one inventor in common with the prior-filed application. MF 9. Each application of the alternate 
priority chain, the 4 130, '500, '573, '177, and '389 applications names, inter alia, Jonathan D. 
(Doherty) Zook, Susan E. DeMoss (formerly known as Suzanna Gibson DeMoss and Suzanna 
Gibson), Chandra B. Rao, and David W. (Weldon) Jordan. MF 12. Accordingly, the common 
inventor requirement of § 1.78(a)(1) is satisfied. 

The third requirement of Rule 1.78 is that the prior filed application must disclose the 
invention claimed in at least one claim of the later filed application in accordance with the first 
paragraph of section 1 12. MF 9. Pending claims in the '389 application (No. 6) have been 
accorded the benefit of the '130 application. Paper 1, pp. 5-6. This benefit flowing from the '130 
application through the '972, '573, and '177 applications to the '389 application is unchallenged. 
MF 13. The '500 application is a divisional of the ' 130 application having an identical { 
specification. MF 14. As such, the '500 application discloses each invention disclosed in the 
'130 application and must also, therefore, disclose the invention claimed in at least one claim of 
the later filed application, thereby satisfying the disclosure requirement of § 1.78(a)(1). 

The fourth requirement of Rule 1.78 is that the prior application must be entitled to a filing 
date as set forth in § 1.53(b) or § 1.53(d) and include the basic filing fee as set forth in § 1.16. 
MF 9. The '500 application (No. 3) was filed as a divisional of the '130 application (No. 1) under 
37 C.F.R. § 1.53(b). MF 14. The statutory filing fee and surcharge, with authorization to charge 
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any additional amounts due, was paid in the Response to Notice to File Missing Parts, filed July 
16, 1999, within the two month deadline. MF 15. Accordingly, the requirement that the prior 
application be entitled to a filing date is satisfied. 

The fifth requirement of Rule 1.78 is that the later-filed application must reference each 
prior-filed application, identifying each by application number and indicating the relationship of 
the applications as set forth in § 1 .78(b). MF 9. This requirement has not been fully met. The 
first paragraph of the '389 application (No. 6) was amended to recite the '500 application (No. 3) 
by its application number and indicates that the '389 application is a CIP of the '500 application. 
MF 16. While accurately setting forth the application number and correctly characterizing the 
nature of the applications' disclosures, the recited relationship between the '389 and '500 
applications is not correct. MF 17. Similarly, the relationship between the ' 177 and '500 
applications recited in the '177 application is ambiguous and not necessarily correct. MF 18. 

The sixth requirement of Rule 1.78 is that the required reference to each prior-filed 
application must be made within the later of four months from the actual filing date or sixteen 
months from the filing date of the prior-filed application. MF 9. Reference to the prior-filed '500 
application (No. 3) in the '389 application (No. 6) was made within four months of the actual 
filing date by, inter alia, amendment of the specification at the time of filing to recite "[tjhis 
application [the '389 application] is ... also a continuation-in-part of U.S. Patent Application No. 
09/318,500." MF 19. Exhibit 1006, paragraph 9, page 2. Similarly, the specification of the ' 1 77 
application was amended at the time of filing to recite "[fjhis application is . . . also a 
continuation-in-part of U.S. Patent Application No. 09/318,500" MF 20. Exhibit 1007, paragraph 
9, page 2. However, the amendments to the specifications did not clearly set forth the relationship 
of the relevant application. 
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Thus, it is only through error in the recited relationship between the '389 application and 
the '500 application and between the '177 application and the '500 application that the '389 and 
' 177 applications would not be entitled to claim priority to the '130 application through a priority 
chain that involves the '500 application. 

C. PRC is Entitled to Perfect the Alternate Priority Benefit Chain 

1. Amendment of Priority Claim is Proper where Delay is Unintentional 

Requirements sufficient for claiming the benefit of an earlier filing date after the time 
period specified by § 1.78(a)(2), namely, later than four months from the filing date of the later- 
filed application and sixteen months from the filing date of the prior-filed application, are set 
forth in part in 37 C.F.R. § 1.78(a)(3). MF 21. This rule imposes three requirements to allow an 
unintentionally delayed claim for the benefit of priority under 35 U.S.C. § 120. Specifically, it 
requires that a petition be accompanied by: (i) the required reference to the prior-filed application; 
(ii) the surcharge set forth in § 1.1 7(t); and (iii) a statement that the entire delay from the date the 
claim was due has been unintentional. Petitions for the '389 and '177 applications are attached 
(Appendices 3 and 5, respectively). 

The first requirement for a grantable petition under Rule 1.78(c) is the required reference 
to the prior-filed application. MF 21. The required reference is provided for the '389 application 
(No. 6) by amendment (Appendix 4). If the Board determines that the '177 application (No. 5) 
should similarly be amended, PRC petitions the Board under 37 C.F.R. § 1.78 and/or § 1.182 to 
enter the corresponding amendment for that case (Appendix 6). MF 22. These amendments each 
correct the improperly recited relationship between the applications as discussed above such that 
the alternate priority chain flows correctly from the ' 1 30 application through the '500, '573, and 
' 1 77 application to the '389 application as set forth by the solid line in Exhibit 1003. 
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The second requirement under Rule 1.78(c), the required surcharge as set forth in 
§ 1.1 7(t), is met by authorization to charge a deposit account provided herewith ($1,410) for both 
the '389 application (MF 23) and for, if deemed necessary, the '177 application (MF 24). 

The third requirement under Rule 1 .78(c), a statement that the entire delay from the date 
the claim was due has been unintentional, is also provided herewith for both the '378 application 
(No. 6) and for the '177 application (No. 5). 

Thus, the petition for acceptance of Applicants' unintentionally delayed claim for the 

benefit of priority under 35 U.S.C. § 120 is a grantable petition for both the '389 application and, 

if deemed necessary, the '177 application, which would perfect the alternative priority claim. 

2. The Evidence Unambiguously Establishes that the Entire Period of 

Delay in Remedying the Error in the Priority Claim was Unintentional 

The only real issues presented by the present motion are whether the failure to properly 
recite the relationship between the '389 application, and if it is necessary for the grant of relief, 
the '177 application, and the other applications of the alternate priority chain that flows through 
the '500 application was unintentional and remained so until presentation of the present motion 
and petition. The facts indicate that the original error and the entire delay in correcting the error 
in the recited relationship between applications was unintentional. 

The first paragraph of the '573 application (No. 4), as filed on January 8, 2001, states: 

This application is a continuation-in-part of U.S. Patent Application 
No. 08/928,972 filed September 12, 1997, which is a continuation- 
in-part of now U.S. Patent No. 5,912,3 19. Also, this application is a 
continuation-in-part of U.S. Patent Application No. 09/318,500 
filed May 25, 1999, which is a division of now U.S. Patent No. 
5,912, 319. This application also claims the benefit of U.S. 
provisional application no. 60/182,396 filed February 14, 2000 and 
U.S. provisional application no. 60/215,548 filed June 30, 2000. 
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MF 25. Upon receiving a corrected filing receipt with errors in, inter alia, the domestic priority 

data as claimed by Applicants, a corrected filing receipt was requested. MF 26. The Request for 

Corrected Filing Receipt again recited, inter alia, the correct relationship between the '500 and 

other applications, namely, "[t]his application [the 09/756,573 application] is also a CIP of 

09/318,500 05/25/1999 PAT 6,232,401 which is a DIV of 08/802,130 02/19/97 PAT 5,912,319." 

MF 26. This relationship is correctly recited in the first paragraph of U.S. Patent No. 6,509,418, 

which issued from the '573 application on January 21, 2003. Exhibit 1014. 

On November 21, 2002, the '177 application (No. 5) was filed as a continuation of the 

'573 application (No. 4). MF 27. The application transmittal directed the amendment of the 

specification to recite the claimed benefit of priority; the directed amendment recited: 

This is a continuation of U.S. Patent Application No. 09/756,573, 
filed January 8, 2001, which is a continuation-in-part of U.S. Patent 
Application No. 08/928,972, filed September 12, 1997, which is a 
continuation-in-part of now U.S. Patent No. 5,912,319; and also a 
continuation-in-part of U.S. Patent Application No. 09/318,500, 
filed May 25, 1999, which is a division of now U.S. Patent No. 
5,912,319; and claims the benefit of U.S. Provisional Application 
No. 60/1 82,396, filed February 14, 2000, and U.S. Provisional 
Application No. 60/215,548, filed June 30, 2000, all of which are 
incorporated herein by reference. 

Exhibit 1007, paragraph 9, page 2. As written, the directed amendment was intended to convey 
that the ' 1 77 application (No. 5) was a continuation of the '573 application (No. 4) and that the 
'573 application was a continuation-in-part of the '972 application (No. 2) and a continuation-in- 
part of the '500 application (No. 3). MF 28. As stated by both Messers Makrogiannis and Uhl in 
their declarations (Exhibit 1027, 13, 15-17, and 19, and Exhibit 1023,11133-34,37, 39, and 41), 
they did not realize that the recited claim to priority in the ' 1 77 application (No. 5) was 
ambiguous at the time it was initially made or at any time afterward until being informed of such 
by interference counsel. MF 29. As stated by Mr. Lambert in his declaration (Exhibit 1022, 
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1fl(28-29), when he became involved with the prosecution of the then pending '177 application 
(No. 5), he noticed a discrepancy between the directed amendment to the priority claim, but did 
not notice that the priority chain recited was ambiguous. Exhibit 1022, ffl|32, 34, and 36. MF 30. 
As they were at all times unaware of the ambiguity in the priority claim, the failure to correct the 
recited relationship between the applications in the priority chain was and remained unintentional 
at all times. 

On August 19, 2003, the '389 application (No. 6) was filed as a continuation of the '177 
application (No. 5). As stated by Mr. Lambert in his declaration (Exhibit 1022, f?0), he filed the 
'389 application (No. 6) with some changes in punctuation to the priority claim, but did not 
realize that the alternative priority chain could be construed to incorrectly suggest the '389 
application (No. 6) claimed priority directly to the '500 application (No. 3). Exhibit 1022, f31. . 
While he noticed some discrepancies between the directed amendment and what was recited in 
the original Filing Receipt, and he requested a Correct Filing Receipt, he did not appreciate any 
deficiency in the alternative priority chain. Exhibit 1022, ^33. Further, at no time was he aware 
of any deficiency in the priority claims involving the '500 application (No. 3) until being 
informed of such deficiencies by interference counsel. Exhibit 1022,^34. MF 30. 

As stated by Mr. Uhl in his declaration, he also did not realize that the alternative priority 
chain could be construed to incorrectly suggest the '389 application (No. 6) claimed priority 
directly to the '500 application (No. 3) (Exhibit 1022, J36), did not appreciate any deficiency in 
the alternative priority chain when Mr. Lambert obtained a corrected filing receipt (Exhibit 1022, 
^38), and was at no time aware of any deficiency in the priority claims involving the '500 
application (No. 3) until being informed of such deficiencies by interference counsel (Exhibit 
1022,1)39). MF29. 
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Moreover, not being the basis for a benefit claim sought in the present interference, 
nothing occurred during the prosecution of related applications that alerted them to any deficiency 
in the alternative priority claim. The sole priority issue that arose during prosecution of the '573, 
'177, and '389 applications was whether, during prosecution of the '389 application, there was 
support for the claims in the '389 application in the ' 1 30 application. MF 3 1 . 

If no one was aware of any error in the recited relationship between applications until very 
recently, where each and every application was identified by application number and the nature of 
the applications' disclosure relative to one another was correctly set forth, how could the 
ambiguity or error in the recited relationship between applications be anything but unintentional? 
V. CONCLUSION 

For the reasons set forth above, PRC respectfully requests that the Board grant this motion 
and associated petition (Appendix 3) to accept an unintentionally delayed claim for 35 U.S.C. 
§ 120 benefit for the '389 application, enter the amendment setting forth the proper alternate 
priority claim (Appendix 4), and, if necessary to amend the ' 1 77 application (No. 5), the related 
petition (Appendix 5) under Rules 1 .78 and/or 1 . 1 82 to enter the corresponding amendment for 
that case (Appendix 6), to perfect the alternative priority benefit claim involving Application No. 
09/318,500 (No. 3). 

Date: November 30, 2007 Respectfully submitted, 

By: /Jerry D. Voieht/ 
Jerry D. Voight 
Registration No. 23,020 

Counsel of Record for Senior Party Zook 



10 



APPENDIX 1 
List of Exhibits 

1003: Chart captioned "Senior Party Zook (PRC) Involved Application Family Tree." 

1006: Application Transmittal for Application No. 10/644,389, filed August 19, 2003. 

1007: Application Transmittal for Application No. 10/302,177, filed November 21, 2002. 

1008: Declaration and Power of Attorney filed for Application No. 10/302,177 on 
November 2 1,2002. 

1009: Declaration and Power of Attorney filed for Application No. 09/756,573 on June 12, 2001 
in Response to Notice to File Missing Parts of Application. 

1010: Declaration and Power of Attorney filed for Application No. 10/644,389 on 
August 19, 2003. 

1014: Copy of U.S. 6,509,418 Bl, issued from Application No. 09/756,573. 
1022: Declaration of William R. Lambert, dated October I, 2007. 
1023: Declaration of William J. Uhl, dated October 2, 2007. 

1026: Request for Corrected Filing Receipt for Application No. 09/756,573, filed June 12, 2001 . 

1027: Declaration of Philippe N. Makrogiannis, dated November 8, 2007. 

1028: Application Transmittal for Application No. 09/3 18,500, filed May 25, 1999. 

1029: Copy of U.S. 6,232,401, issued from Application No. 09/318,500. 

1031: Copy of Decision on Petition dated October 19, 2007, reviving Application No. 
10/302,177, establishing continuity with continuing Application No. 10/644,389. 

1032: Application Transmittal for Application No. 09/756,573, filed January 8, 2001. 

1033: Copy of U.S. 5,912,319, issued from Application No. 08/802,130. 

1034: Copy of Response to Notice to File Missing Parts filed July 16, 1999, in response to 
Notice dated June 16, 1999, with a due date of August 16, 1999, for response, in 
connection with the 4 500 application. 

1035: Copy of Declaration for Patent Application filed with Application No. 09/756,573. 
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APPENDIX 2 
Statement of Material Facts 

1. Interference No. 105,555 (MPT), declared July 10, 2007, involves U.S. Patent Nos. 
6,525,168 ("the 4 168 patent") and 6,723,827 (the '827 patent") and Application No. 10/644,389 
("the '389 application"). Paper No. 1. 

2. PRC-DeSoto International, Inc. ("PRC") is a real party in interest of the '389 
application. 

3. Advanced Chemistry and Technology, Inc. ("PBT") is a real party in interest of the 
'168 and '827 patents. 

4. In declaring the interference, the Board accorded PRC benefit for Count 1 of 
Application No. 10/644,389, filed August 19, 2003 ("the '389 application"), Application No. 
10/302,177, filed November 21, 2002 ("the '177 application"), Application No. 09/756,573, filed 
January 8, 2001 ("the '573 application"), issued as US Patent No. 6,509,418 on January 21, 2003, 
Application No. 08/928,972, filed September 12, 1997 ("the '972 application"), issued as US 
Patent No. 6,172,179, and Application No. 08/802,130, filed February 19, 1997 ("the '130 
application"), issued as US Patent No. 5,912,319. Paper No. 1, p. 6. The relationship between 
these applications is shown in Exhibit 1003, a chart which also shows the relationship of 
Application No. 09/318,500 ("the '500 application"). 

5. As recited in the alternate priority chain, the relationship between the '500 application 
and the '177 application is ambiguous. Exhibit 1007. 

6. As recited in the alternate priority chain, the relationship between the '500 application 
and the '389 application is incorrect as it improperly indicates that the '389 application is a 
continuation-in-part of the '500 application. Exhibit 1006. 

7. Copendency requires that applications be pending, neither abandoned, nor issued as a 
patent, on the same date. As the k 500 application issued as U.S. Patent 6,232,401 on May 15, 
2001, and the '177 application was not filed until November 21, 2002, and the '389 application 
was not filed until August 19, 2003; neither one of the '177 and '389 applications was copending 
with the '500 application. Exhibit 1003. 

iv 



8. The first paragraph of US Patent No. 6,509,41 8, issued from the '573 application, 
indicates that the '573 application is a CIP of the '500 application. Exhibit 1014. The '177 
application is a continuation of the '573 application and the '389 is a continuation of the '177 
application. Exhibits 1003 and 1006-1007. 

9. 37 C.F.R. § 1 .78(a) requires only that any prior application relied upon for priority 
benefit must name at least one inventor named in the later application and that the prior 
application must disclose an invention of an inventor named in each prior application that is 
claimed in the later application and that, in addition to the requirements set forth in 35 U.S.C. 
§ 120, an identification of each prior application and their relationship be made within the 
statutory time period. 

10. The fifth and sixth requirements are set forth in 37 C.F.R. § 1.78 (a)(2) and provide 
that an application claiming filing date benefit of a prior application: 

(2) ... must contain or be amended to contain a reference to each 
such prior-filed application, identifying it by application number ... 
and indicating the relationship of the applications ... [t]his reference 
must be submitted during the pendency of the later-filed 
application. If the later-filed application is an application filed 
under 35 U.S.C. 1 1 1(a), this reference must also be submitted 
within the later of four months from the actual filing date of the 
later-filed application or sixteen months from the filing date of the 
prior-filed application. 

37 C.F.R. § 1.78(a)(2). 

1 1. The '389 application (No. 6) was filed on August 19, 2003, as a continuation of the 
'177 application (No. 5); copendency between the applications has been established. Exhibit 

1 03 1 . The ' 1 77 application (No. 5) was filed on November 2 1 , 2002, as a continuation of the 
then-pending '573 application (No. 4), which did not issue until January 21, 2003. Exhibits 1007 
and 1014. The '573 application (No. 4) was filed on January 8, 2001, as, inter alia, a CIP of the 
then-pending '500 application (No. 3), which did not issue until May 15, 2001. Exhibits 1014, 

1032, and 1029. The '500 application (No. 3) was filed on May 25, 1999, and was a divisional of 
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the then-pending ' 130 application (No. I), which did not issue until June 15, 1999. Exhibits 1028 
and 1033. Thus, effective copendency for purposes of claiming priority existed. Exhibit 1003. 

12. The '389 application was a continuation application under 37 C.F.R. § 1.53(b) filed 
with a declaration from, and named, the same inventors as the 477 application. Exhibits 
1006, 1008, and 1010. The ' 177 application was a continuation application under 37 C.F.R. 

§ 1.53(b) as a continuation of the '573 application. Exhibit 1007. The '573 application was a 
continuation-in-part of the '500 application, which was a divisional of the '130 application. 
Exhibits 1028 and 1032. 

13. The benefit of priority flowing from the '130 application through the '972, '573, and 

' 177 applications to the '389 application was accorded by the Board and is unchallenged. Paper 1, 
p. 6, and Paper 22, page 2. 

14. The '500 application is a divisional of the '130 application, filed under 37 C.F.R. § 
1.53(b), having an identical specification. Exhibit 1028. 

15. The PTO issued a Notice to File Missing Parts dated June 16, 1999, with a due date of 
August 16, 1999, for response, in connection with the '500 application. The Applicants 
responded on July 16, 1999, paying the necessary filing fee and surcharge. Exhibit 1034. The 
PTO granted the '500 application the filing date of May 25, 1999, as indicated on the face of U.S. 
Patent 6,232,401, which issued from the '500 application. Exhibit 1029. 

16. The transmittal for Application No. 10/644,389 directed amendment of the 
specification to recite a priority chain that included a claim for the benefit of the '500 application 
by its application number and indicates that the '389 application is a CIP of the '500 application. 
Exhibit 1006, paragraph 9, page 2. 

17. The '389 application is a continuation of the ' 177 application which is a continuation 
of the '573 application, which is a continuation-in-part of the 4 500 application and also claims the 
benefit of priority to the recited provisional applications, 60/182,396 and 60/215,548. Exhibits 
1003,1009,1032, and 1035. 
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18. The relationship between the ' 177 and '500 applications recited in the '177 
application is ambiguous and not necessarily correct. Exhibits 1003, 1022, TJ28, 1023, p3, and 
1027,^13. 

19. Reference to the prior-filed '500 application (No. 3) was made in the transmittal for 
the '389 application (No. 6), which reference was necessarily made within four months of the 
actual filing date, which transmittal directed amendment of the first paragraph to recite "[t]his 
application [the '389 application] is ... also a continuation-in-part of U.S. Patent Application No. 
09/318,500." Exhibit 1006, paragraph 9, page 2. 

20. Reference to the prior-filed '500 application (No. 3) was made in the transmittal for 
the '177 application (No. 5), which reference was necessarily made within four months of the 
actual filing date, which transmittal directed amendment of the first paragraph to recite "[t]his 
application is ... also a continuation-in-part of U.S. Patent Application No. 09/318,500." Exhibit 
1007, paragraph 9, page 2. 

21. Section 1.78 (a)(3) provides in part: 

If the reference required by 35 U.S.C. 120 and paragraph (a)(2) of 
this section is presented after the time period provided by paragraph 
(a)(2)ii) of this section, the claim under 35 U.S.C. 120 .. . for the 
benefit of a prior-filed copending non-provisional application ... 
may be accepted if the reference identifying the prior-filed 
application by application number . . . was unintentionally delayed. 
A petition to accept an unintentionally delayed claim under 35 
U.S.C. 120 ... for the benefit of a prior-filed application must be 
accompanied by: (i) The reference required by 35 U.S.C. 120 and 
paragraph (a)(2) of this section to the prior-filed application, unless 
previously submitted; (ii) The surcharge set forth in § 1.1 7(t); and 
(iii) A statement that the entire delay between the date the claim 
was due under paragraph (a)(2)(H) of this section and the date the 
claim was filed was unintentional. The Director may require 
additional information where there is a question whether the delay 
was intentional. 

37C.F.R. § 1.78(a)(3). 
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22. If the Office determines that the '177 application requires amendment and that Rule 
1.78 does not specifically provide for such amendment under the present circumstances, PRC 
petitions the Board under 37 C.F.R. § 1.182 in accordance with the discussion in the submitted 
petition under Rule 1.78 (Appendix 5) to amend the fc l77 application as directed (Appendix 6). 
This amendment of an abandoned intermediate application to contain a specific reference to an 
earlier-filed application is in accordance with 35 U.S.C. § 120, when it is determined to be 
necessary. Sampson v. Comm r of Patents and Trademarks, 195 USPQ 136 (D.D.C. 1976). 
Upon determination by the Board that this petition is necessary, the Patent Office is authorized to 
charge Deposit Account No. 06-0916 the requisite fee of $1,410.00 for this petition under 37 
C.F.R. § 1.1 7(t) as well as any additional fees that may be necessary. 

23. Authorization to charge Deposit Account No. 06-0916 the requisite fee under 37 
C.F.R. § 1.1 7(t), $1,410.00, is provided in Appendix 3 submitted herewith. 

24. Authorization to charge Deposit Account No. 06-0916 the requisite fee under 37 
C.F.R. § 1.1 7(t), $1,410.00, is provided in Appendix 5 submitted herewith. 

25. The first paragraph of the '573 application (No. 4), as filed on January 8, 2001, states: 

This application is a continuation-in-part of U.S. Patent Application 
No. 08/928,972 filed September 12, 1997, which is a continuation- 
in-part of now U.S. Patent No. 5,912,319. Also, this application is a 
continuation-in-part of U.S. Patent Application No. 09/318,500 
filed May 25, 1999, which is a division of now U.S. Patent No. 
5,912,319. This application also claims the benefit of U.S. 
provisional application no. 60/182,396 filed February 14, 2000 and 
U.S. provisional application no. 60/215,548 filed June 30, 2000. 

26. The Request for Corrected Filing Receipt, dated June 12, 2001, recited, inter alia, the 
correct relationship between the '500 and other applications, namely, "[t]his application [the 
09/756,573 application] is also a CIP of 09/318,500 05/25/1999 PAT 6,232,401 which is a DIV of 
08/802,130 02/19/97 PAT 5,912,319." Exhibit 1026. 
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27. The '177 application (No. 5) was a continuation of the '573 application (No. 4) under 
37 C.F.R. § 1.53(b); the '177 application was filed on November 21, 2002. Exhibit 1007. 

28. Messers Makrogiannis and Uhl intended the amendment directed in the application 
transmittal to convey that the '177 application (No. 5) was a continuation of the '573 application 
(No. 4) and that the '573 application was a continuation-in-part of the '972 application (No. 2) 
and the '500 application (No. 3). Exhibits 1023, ^33, 37, and 40 and 1027, 1fl|13, 15-16, and 18. 

29. To the best of Mr. Makrogiannis' s knowledge, neither he nor anyone affiliated with 
PRC were aware that the alternative chain of priority, which involves the '500 application, had 
any deficiency until a defect was discovered by interference counsel after the interference was 
declared. Exhibit 1027, ^[17. To the best of Mr. Uhl's knowledge, neither he nor anyone affiliated 
with PRC were aware that the alternative chain of priority, which involves the '500 application, 
had any deficiency until a defect was discovered by interference counsel after the interference was 
declared. Exhibit 1023,^39. 

30. To the best of Mr. Lambert's knowledge, neither he nor anyone affiliated with PRC 
were aware that the alternative chain of priority, which involves the '500 application, had any 
deficiency until a defect was discovered by interference counsel after the interference was 
declared. Exhibit 1022,^34. 

3 1 . The sole priority issue that arose during the prosecution of Application Nos. 
09/756,573, 10,302,177, and 10/644,389 was whether certain claims in the '573 application were 
supported by the specification of Application No. 08/802,130, as the USPTO considered the '389 
application as a continuation-in-part of the '130 application. 
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APPENDIX 3 



PATENT 
Customer No. 22,852 
Attorney Docket No. 08303.0042-06000 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: " ) 

Jonathan D. ZOOK et al. ) ATTN: Office of Petitions 

Application No.: 10/644,389 ) Group Art Unit: 1711 

Filed: August 19, 2003 ) Examiner: Due TRUONG 

For: SEALANTS AND POTTING ) 

FORMULATIONS INCLUDING ) 

MERCAPTO-TERMINATED ) 

POLYMERS PRODUCED BY THE ) 

REACTION OF A POLYTHIOL ) 

AND POLYVINYL ETHER ) 

MONOMER ) 



Mail Stop Petition 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Sir: 

PETITION UNDER 37 C.F.R. § 1.78(a)(3) TO ACCEPT AN 
UNINTENTIONALLY DELAYED CLAIM FOR DOMESTIC PRIORITY 

In a pending interference, Zook v. Zook, Patent Interference No. 105,555 (MPT), it has 
been noted that an alternative priority benefit chain, not the basis of priority in the interference, 
appears to include some errors. Applicants hereby submit this petition under 37 C.F.R. § 
1.78(a)(3) to accept an unintentionally delayed claim for priority under 35 U.S.C. § 120. 

The above-referenced application includes a valid priority claim under 35 U.S.C. § 120 to 
a benefit chain, namely, to Application No. 10/302,177, filed November 21, 2002, now 
abandoned, which is a continuation of Application No. 09/756,573, filed on January 8, 2001, 
now U.S. Patent 6,509,418, which is a continuation-in-part of Application No. 08/928,972, filed 



Application No. 10/644,389 
Attorney Docket No. 08303.0042-06000 

September 12, 1997, now U.S. Patent 6,172,179, which is a continuation-in-part of Application 
No. 08/802,130, filed February 19, 1997, now U.S. Patent 5,912,3 19. 1 

Application No. 10/644,389's priority claim involving Application No. 09/318,500, filed 
May 25, 1999, now U.S. Patent 6,232,401, however, is in error as it indicates that the above- 
referenced application, serial No. 10/644,389 ("the '389 application"), is a continuation-in-part 
of Application No. 09/318,500. The *389 application also erroneously sets forth the relationship 
of U.S. Provisional Application Nos. 60/182,396 and 60/215,548. The '389 application is not a 
continuation-in-part of Application No. 09/318,500, it is instead a continuation of 10/388,177, 
which is a continuation of Application No. 09/756,573, which is, inter alia, a continuation-in- 
part of Application No. 09/318,500, which itself is, inter alia, a divisional of Application No. 
08/802,130. Application No. 09/756,573 also claims the benefit of the recited provisional 
applications. 

According to 37 C.F.R. § 1.78(a)(2)(ii), the reference to the prior-filed application was to 
be submitted during the pendency of the later-filed application and within the later of four 
months from the actual filing date of this application or sixteen (16) months from the filing date 
of the prior-filed application. As this application was filed on August 19, 2003, and the '500 
application was filed on May 25, 1999, the later of four months from the filing date and sixteen 
months from the filing date of the prior-filed application is four months from the filing date, 
namely, December 19, 2003. 



1 While the filing date of Application No. 1 0/302, 1 77 is recited in error as November 2 1 , 200 1 , not 2002, the 
reference required under 35 U.S.C. § 120 and 37 C.F.R. § 1.78 to claim the benefit of priority requires identification 
by application number and by the relationship between the applications. 35 U.S.C. § 120; 37 C.F.R. §§ 1.14 and 
1.78. This requirement was met despite the incorrect recitation of the year in which the * 177 application was filed. 
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Application No. 10/644,389 
Attorney Docket No. 08303,0042-06000 

Verified Statement 

Applicants hereby state that the entire delay between December 19, 2003, and the date of 
this petition was unintentional, in accordance with 37 C.F.R. § 1.78(a)(3Xiii). 

Applicants first learned that there might be an issue of ambiguity in the recited priority 
claim involving Application No. 09/318,500 in connection with a pending interference, Patent 
Interference No. 105,555 (MPT), declared July 10, 2007, and included in its list of proposed 
motions a "motion with petition to the Board to accept an unintentionally delayed claim for the 
benefit of a prior-filed application under 37 CF.R. § L78(aX3), with proposed amendment to 
involved application no. 10/644,389 to properly claim benefit of priority to application no. 
09/318,500 or other appropriate relief.* 1 Applicants sought authorization for a motion, instead of 
petitioning the PTO immediately, as they understood Applicants must seek relief "in the form of 
a motion'* under the Board* s Standing Order. The motion was authorized by Paper 22, filed 
August 29, 2007. 
Required Reference 

Applicants provide herewith an amendment to the specification of the above-referenced 
application to insert the reference required by 35 U.S.C. § 120 and 37 CF.R. § 1.78(a)(2)(i), 
specifying the prior-filed application by its series code, serial number, and indicating the 
relationship between these applications. Applicants further correct the error in the filing date of 
Application No. 10/302,177. As amended, the first paragraph of the application entitled "Cross- 
Reference to Related Applications'* will read: 

This application is a continuation of U.S. Patent Application No. 10/302,177, filed 

November 21, 2002; which is a continuation of U.S. Patent Application No. 09/756,573, filed 

January 8, 2001, now U.S. Patent No. 6,509,418 Bl; which is a continuation-in-part of U.S. 

Patent Application No. 08/928,972, filed September 12, 1997, now U.S. Patent No. 6,172,179; 
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Application No. 10/644,389 
Attorney Docket No. 08303.0042-06000 



which is a continuation-in-part of U.S. Patent Application 08/802,130, filed on February 19, 
1997, now U.S. Patent No. 5,912,319; said U.S. Patent Application No. 09/756,573 is also a 
continuation-in-part of U.S. Patent Application No. 09/318,500, filed May 25, 1999, now U.S. 
Patent No. 6,232,401; which is a division of said U.S. Patent Application No. 08/802,130, filed 
on February 19, 1997, now U.S. Patent No. 5,912,319; and said U.S. Patent Application No. 
09/756,573 claims the benefit of U.S. Provisional Application No. 60/182,396, filed February 14, 
2000, and U.S. Provisional Application No. 60/215,548, filed June 30, 2000, all of which are 
incorporated herein by reference. 
Petition Fee under 37 GF.R. § 1.17(t) 

Applicants hereby authorize the PTO to charge the petition fee under 37 C.F.R. § 1.1 7(t) 
of $1,410.00 to Deposit Account No. 06-0916. 
Conclusion 

As the requirements under 37 C.F.R. § 1.78(a)(3) for a petition to accept an 
unintentionally delayed claim for priority under 35 U.S.C. § 120 have been met, Applicants 
respectfully request that this petition be granted such that the Office recognizes this application's 
priority claim as set forth above. Please grant any extensions of time required to enter this 
petition, and should any additional fees be required for the consideration or acceptance of this 
petition, please charge them to Deposit Account No. 06-0916. 



Respectfully submitted, 



Date: November 29, 2007 




Wesley Derrick 
Reg. No. 46,659 
650-849-6732 
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APPENDIX 4 



PATENT 
Customer No. 22,852 
Attorney Docket No. 08303.0042-06000 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: ) 

Jonathan D. ZOOK etal. ) ATTN: Office of Petitions 

Application No.: 10/644,389 ) Group Art Unit: 1711 

Filed: August 19, 2003 ) Examiner: Due TRUONG 

For: SEALANTS AND POTTING ) 

FORMULATIONS INCLUDING ) 

MERCAPTO-TERMINATED ) 

POLYMERS PRODUCED BY THE ) 

REACTION OF A POLYTHIOL ) 

AND POLYVINYL ETHER ) 

MONOMER ) 



Mail Stop Petition 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, V A 22313-1450 

Sir: 

AMENDMENT 



In connection with the concurrently submitted petition under 37 C.F.R. § 1.78(a)(3) to 
accept an unintentionally delayed claim for priority under 35 U.S.C. § 120, please amend this 
application as follows: 

Amendments to the Specification is presented at page 2 of this paper. 

Remarks follow the amendment section of this paper at page 3. 



Application No. 10/644,389 
Attorney Docket No. 08303.0042-06000 



AMENDMENT TO THE SPECIFICATION 

Please amend the first paragraph of this application, entitled "Cross-Reference to Related 
Applications," as follows: 

This application is a continuation of U.S. Patent Application No. 10/302,177, filed 
November 21, 2004 2002 : which is a continuation of U.S. Patent Application No. 09/756,573, 
filed January 8, 2001, now U.S. Patent No. 6,509,418 B 1; which is a continuation-in-part of U.S. 
Patent Application No. 08/928,972, filed September 12, 1997, now U.S. Patent No. 6,172,179; 
which is a continuation-in-part of U.S. Patent Application 08/802,130, filed on February 19, 
1997, now U.S. Patent No. 5,912,3 19; and said U.S. Patent Application No. 09/756.573 is also a 
continuation-in-part of U.S. Patent Application No. 09/318,500, filed May 25, 1999, now U.S. 
Patent No. 6,232,401; which is a division of said U.S. Patent Application No. 08/802,130, filed 
on February 19, 1997, now U.S. Patent No. 5,912,319; and said U.S. Patent Application No. 
09/756.573 claims the benefit of U.S. Provisional Application No. 60/182,396, filed February 14, 
2000, and U.S. Provisional Application No. 60/215,548, filed June 30, 2000, all of which are 
incorporated herein by reference. 
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Application No. 10/644,389 
Attorney Docket No. 08303.0042-06000 



REMARKS 



This amendment is submitted concurrently with a petition under 37 C.F.R. § 1.78(a)(3) to 
accept an unintentionally delayed claim for priority under 35 U.S.C. § 120. This submission 
satisfies the requirement under 37 C.F.R. § 1 .78(a)(3)(i) to amend the specification to insert a 
reference to the application for which the benefit of priority is claimed. Applicants respectfully 
request that the Office recognizes this application's priority claim as set forth above in the 
directed amendment. 

If there is any fee due in connection with the submission of this Amendment, please 
charge the fee to Deposit Account No. 06-0916. Please grant any extensions of time required to 
enter this Amendment and charge any additional required fees to our Deposit Account No. 06- 



0916. 



Respectfully submitted, 



Date: November 29, 2007 




Wesley Derrick 
Reg. No. 46,659 
650-849-6732 
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APPENDIX 5 



PATENT 
Customer No. 22,852 
Attorney Docket No. 08303.0042-05000 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

Jonathan D. ZOOK et al. 

Application No.: 10/302,177 

Filed: November 21, 2002 

For SEALANTS AND POTTING 

FORMULATIONS INCLUDING 
MERCAPTO-TERMINATED 
POLYMERS PRODUCED BY THE 
REACTION OF A POLYTHIOL 
AND POLYVINYL ETHER 
MONOMER 



Mail Stop Petition 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

PETITION UNDER 37 C.F.R, § 1.78(a)(3) TO ACCEPT AN 
UNINTENTIONALLY DELAYED CLAIM FOR DOMESTIC PRIORITY 



In a pending interference, Zook v. Zook, Patent Interference No. 105,555 (MPT), it has 
been noted that an alternative priority benefit chain, not the basis of priority in the interference, 
appears to include some errors. Applicants hereby submit this petition under 37 C.F.R. § 
1.78(aX3) to accept an unintentionally delayed claim for priority under 35 U.S.C. § 120. 

The above-referenced application properly claims priority under 35 U.S.C. § 120 to a 
benefit chain, namely, to Application No. 09/756,573, filed on January 8, 2001, now U.S. Patent 
6,509,418, which is a continuation-in-part of Application No. 08/928,972, filed September 12, 



ATTN: Office of Petitions 
Group Art Unit: 1711 
Examiner: DucTRUONG 



Application No. 10/302,177 
Attorney Docket No. 08303.0042-05000 

1997, now U.S. Patent 6,172,179, which is a continuation-in-part of Application No. 08/802,130, 
filed February 19, 1997, now U.S. Patent 5,912,319. 

Application No. 10/302,177's priority claim involving Application No. 09/318,500, filed 
May 25, 1999, now U.S. Patent 6,232,401, however, is ambiguous and may allow one to 
mistakenly conclude that Application No. 10/302,177, is a continuation-in-part of Application 
No. 09/318,500. This is incorrect; Application No. 10/388,177 is instead a continuation of 
Application No. 09/756,573, which is, inter alia, a continuation-in-part of Application No. 
09/318,500, which itself is, inter alia, a divisional of Application No. 08/802,130. Similarly, 
Application No. 09/756,573 also claims the benefit of the recited provisional applications. 

According to 37 C.F.R. § 1.78(aX2Xii), the reference to the prior-filed application was to 
be submitted during the pendency of the later-filed application and within the later of four 
months from the actual filing date of this application or sixteen (16) months from the filing date 
of the prior-filed application. As this application was filed on November 21, 2002, and the *500 
application was filed on May 25, 1999, the later of four months from the filing date and sixteen 
months from the filing date of the prior-filed application is four months from the filing date, 
namely, March 21, 2003. 
Verified Statement 

Applicants hereby state that the entire delay between March 21, 2003, and the date of this 
petition was unintentional, in accordance with 37 C.F.R. § 1.78(a)(3)(iii). 

Applicants first learned that there might be an issue of ambiguity in the recited priority 

claim to Application No. 09/318,500 in connection with a pending interference, Patent 

Interference No. 105,555 (MPT), declared July 10, 2007, and included in its list of proposed 

motions a "motion with petition to the Board under 37 C.F.R. §§ 1.78(a)(3), 1.137(b) and/or 

1.182 to enter an amendment to application no. 10/302,177 indicating priority information for 
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Application No. 10/302,177 
Attorney Docket No. 08303.0042-05000 

claim priority to application no. 09/3 18,500." Applicants sought authorization for a motion, 
instead of petitioning the PTO immediately, as they understood Applicants must seek relief "in 
the form of a motion" under the Board's Standing Order. The motion was authorized by Paper 
22, filed August 29, 2007. 
Required Reference 

Applicants provide herewith an amendment to the specification of the above-referenced 
application to insert the reference required by 35 U.S.C. § 120 and 37 C.F.R. § 1.78(a)(2)(i), 
specifying the prior-filed application by its series code, serial number, and filing date and 
indicating the relationship between these applications. As amended, the first paragraph of the 
application entitled "Cross-Reference to Related Applications" will read: 

This application is a continuation of U.S. Patent Application No. 09/756,573, filed 
January 8, 2001, which is a continuation-in-part of U.S. Patent Application No. 08/928,972, filed 
September 12, 1997, now U.S. Patent No. 6,172,179, which is a continuation-in-part of U.S. 
Patent Application No. 08/802,130, filed February 19, 1997, now U.S. Patent No. 5,912,319; 
said U.S. Patent Application No. 09/756,573 is also a continuation-in-part of U.S. Patent 
Application No. 09/318,500, filed May 25, 1999, which is a division of said U.S. Patent 
Application No. 08/802,130, now U.S. Patent No. 5,912,319; and said U.S. Patent Application 
No. 09/756,573 claims the benefit of U.S. Provisional Application No. 60/182,396, filed 
February 14, 2000, and U.S. Provisional Application No. 60/215,548, filed June 30, 2000, all of 
which are incorporated herein by reference. 
Petition Fee under 37 C.F.R. § 1.17(t) 

Applicants hereby authorize the PTO to charge the petition fee under 37 C.F.R. § 1.17(t) 
of $1,410.00 to Deposit Account No. 06-0916. 
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Application No. 10/302,177 
Attorney Docket No, 08303.0042-05000 

Conclusion 

As the requirements under 37 C.F.R. § 1.78(a)(3) for a petition to accept an 
unintentionally delayed claim for priority under 35 U.S.C. § 120 have been met, Applicants 
respectfully request that this petition be granted such that the Office recognizes this application's 
priority claim as set forth above in the directed amendment. 

Please grant any extensions of time required to enter this petition, and should any 
additional fees be required for the consideration or acceptance of this petition, please charge 
them to Deposit Account No. 06-0916. 



Respectfully submitted, 



Date: November 29, 2007 




Reg. No. 46,659 
650-849-6732 
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APPENDIX 6 



PATENT 
Customer No. 22,852 
Attorney Docket No. 08303.0042-05000 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

Jonathan D. ZOOK et al. 

Application No.: 10/302,177 

Filed: November 21, 2002 

For SEALANTS AND POTTING 

FORMULATIONS INCLUDING 
MERCAPTO-TERMINATED 
POLYMERS PRODUCED BY THE 
REACTION OF A POLYTHIOL 
AND POLYVINYL ETHER 
MONOMER 



Mail Stop Petition 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sin 

AMENDMENT 



In connection with the concurrently submitted petition under 37 C.F.R. § 1.78(a)(3) to 
accept an unintentionally delayed claim for priority under 35 U.S.C. § 120, please amend this 
application as follows: 

Amendments to the Specification is presented at page 2 of this paper. 

Remarks follow the amendment section of this paper at page 3. 



ATTN: Office of Petitions 
Group Art Unit: 1711 
Examiner: DucTRUONG 



Application No. 10/302,177 
Attorney Docket No. 08303.0042-05000 

AMENDMENT TO THE SPECIFICATION 

Please amend the first paragraph of this application, entitled "Cross-Reference to Related 
Applications," as follows: 

This a pplication is a continuation of U.S. Patent Application No. 09/756,573, filed 
January 8, 2001, which is a continuation-in-part of U.S. Patent Application No. 08/928,972, filed 
September 12, 1997, now U.S. Patent No. 6.172.179. which is a continuation-in-part of U.S. 
Patent Application No. 08/802.130. filed February 19. 1997. now U.S. Patent No. 5,912,319; m4 
said U.S. Patent Application No. 09/756.573 is also a continuation-in-part of U.S. Patent 
Application No. 09/318,500, filed May 25, 1999, which is a division of said U.S. Patent 
A pplication No. 08/802.130. now U.S. Patent No. 5,912,319; and said U.S. Patent Application 
No. 09/756.573 claims the benefit of U.S. Provisional Application No. 60/182,396, filed 
February 14, 2000, and U.S. Provisional Application No. 60/215,548, filed June 30, 2000, all of 
which are incorporated herein by reference. 
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Application No. 10/302,177 
Attorney Docket No. 08303.0042-05000 



REMARKS 

This amendment is submitted concurrently with a petition under 37 C.F.R. § 1.78(a)(3) to 
accept an unintentionally delayed claim for priority under 35 U.S.C. § 120. This submission 
satisfies the requirement under 37 C.F.R. § 1.78(a)(3)(i) to amend the specification to insert a 
reference to the application for which the benefit of priority is claimed. Applicants respectfully 
request that the Office recognizes this application's priority claim as set forth above in the 
directed amendment. 

If there is any fee due in connection with the submission of this Amendment, please 
charge the fee to Deposit Account No. 06-0916. Please grant any extensions of time required to 
enter this Amendment and charge any additional required fees to our Deposit Account No. 06- 
0916. 

Respectfully submitted, 

Date: November 29, 2007 Bv: [iAa^l /X^^ 

Wesley tferrick 
Reg. No. 46,659 
650-849-6732 
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CERTIFICATE OF SERVICE 
I hereby certify that a copy of the foregoing, SENIOR PARTY ZOOK (PRC) 
MOTION 2, was served on the Junior Party Zook through its attorneys of record on this the 30th 
day of November, 2007 as follows: 
VIA ELECTRONIC MAIL: 



Mark D. Schneider, Esq. 
Douglas W. Sprinkle Esq. 
Avery N. Goldstein, Esq. 

Grifford, Krass, Sprinkle, Anderson & Citkowski, P.C. 
Suite 330 

2701 Troy Center Drive 
Post Office Box 7021 
Troy, Michigan 48007 
Telephone: 248.647.6000 
Facsimile: 248.647.5210 
e-mail: litigation@patlaw.com 



Respectfully submitted, 

By: /Jerry D. Voight/ 
Jerry D. Voight 
Registration No. 23,020 



Attorney of Record for Senior Party Zook 



Paper No. 



Filed on behalf of: Senior Party Jonathan D. Zook 
By: Jerry D. Voight 
Wesley B. Derrick 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, L.L.P. 
3300 Hillview Avenue 
Palo Alto, California 94304 
Telephone: 650.849.6600 
Facsimile: 650.849.6666 



UNITED STATES PATENT AND TRADEMARK OFFICE 



BEFORE THE BOARD OF PATENT APPEALS 
AND INTERFERENCES 



JONATHAN D. ZOOK, DAVID W. JORDAN, DEAN M. WILLARD, 
GEORGE JONES, AND MICHAEL COSMAN, 
Junior Party ("PBT") 
(U.S. Patents 6,525,168 and 6,723,827), 

v. 

JONATHAN D. ZOOK, SUSAN E. DEMOSS, 
DAVID W. JORDAN AND CHANDRA B. RAO 
Senior Party ("PRC**) 
(U.S. Application 10/644,389). 



Patent Interference No. 105,555 (MPT) 
(Technology Center 1700) 



ZOOK EXHIBIT 1003 



ZOOK EXHIBIT 1003 
Zook v. Zook 

Interference No. 105,555 (MPT) 



SENIOR PARTY ZOOK (PRC) INVOLVED APPLICATION 

FAMILY TREE 



08/802,130 
F.D. 2/19/97 
USP 5,912,319 
Issued 6/15/99 



(CIP) 



1 



08/928,972 
F.D. 9/12/97 
USP 6,172,179 
Issued 1/09/01 



(CIP) 



(DIV) 



09/318,500 
F.D. 5/25/99 
USP 6,232,401 
Issued 5/15/01 



09/756,573 
F.D. 1/08/01 
USP 6,509,418 B1 
Issued 1/21/03 



(CIP) 



(CONT) 

v 



10/302,177 
F.D. 11/21/02 
Abandoned 



(CONT) 

f 



10/644,389 
F.D. 8/19/03 



(CIP) 



FINNEGAN 
HENDERSON 
FARABOW 
GARRETT 6 
DUNNERli! 

1300 1 Street NW 
Washington, DC 20005 
202.408.4000 
Fax 202.408.4400 
www.ftnnegan.com 



PATENT 
Customer Number 22,852 
Attorney Docket No. 08303.0042-06 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Mail Stop Patent Application 

Commissioner for Patents 

P.O. Box 1450 

Alexandria. VA 22313-1450 



Prior Application Art Unit: 1711 Prior Application Examiner Due Tnjong 

SIR: This is a request for filing a Continuation Application under 37 C.F.R. § 1 .53(b) of 
pending prior Application No. 10/302,177, filed November 21 , 2001 ,of Jonathan D. 
Zook, Susan E. DeMoss, David W. Jordan, Chandra B. Rao, Hakam Singh, and Ahmed 
Sharaby, for SEALANTS AND POTTING FORMULATIONS INCLUDING MERCAPTO- 
TERMINATED POLYMERS PRODUCED BY THE REACTION OF A POLYTHIOL AND 
POLYVINYL ETHER MONOMER. 

1 . £3 Enclosed is a complete copy of the prior application including the oath or 

Declaration and drawings, if any, as originally filed. On information and 
belief, I hereby verify that the attached papers are a true copy of prior 
Application No. 10/302,177, and the Declaration and Power of Attorney as 
originally filed on November 21 , 2001 , which are incorporated herein by 
reference. 

2. □ Enclosed is a substitute specification under 37 C.F.R. § 1 .125. The 

undersigned hereby verifies that no new matter is added in this substitute 
specification. 

3. □ Enclosed is a Request for Non-Publication of Application and Certification 

Under 35 U.S.C. § 122(b)(2XB)(i). 

4. ED Cancel Claims 1-21. 

5. A Preliminary Amendment is enclosed. 

6. 03 The filing fee is calculated on the basis of the claims existing in the prior 

application as amended at 4 and 5 above. 
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Zook v. Zook 

Interference No. 105,555 (MPT) 
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FINN EGAN 
HENDERSON 
FARABOW 
GARRETT h 

dunneruj: 

1 300 I Street NW 
Washington, DC 20005 
202.406.4000 
Fax 202.408.4400 
www.finnegan.oom 



Basic Application Filing Fee 


$750 


$ $750.00 




Number of 
Claims 




Basic 


Extra 
Claims 






Total Claims 


17 




20 


0 


x$18 




Independent Claims 


2 




3 


0 


x$84 




□ Presentation of Mul 


b'ple Dep. Claim(s) 


+$280 




Subtotal 


$ 750.00 


Reduction by 1/2 if small entity 




TOTAL APPLICATION FILING FEE 


$ 750.00 



7. (3 Please charge $750.00 to Deposit Account No. 06-091 6, to cover the filing 

fee. 

8. The Commissioner is hereby authorized to charge any fees which may be 
required including fees due under 37 C.F.R. §1.16 and any other fees due 
under 37 C.F.R. § 1 .17 f or credit any overpayment during the pendency of 
this application to Deposit Account No. 06-0916. 

9. ^ Amend the specification by replacing the first paragraph on page 1 , under 

the sub-heading Cross-Reference to Related Applications , with the 
following new paragraph: 

This application is a continuation of U.S. Patent Application 10/302,177, 
filed November 21, 2001; which is a continuation of U.S. Patent 
Application No. 09/756,573, filed January 8, 2001, now U.S. Patent No. 
6,509,418 B1 ; which is a continuation-in-part of U.S. Patent Application 
08/928,972, filed September 12, 1997, now U.S. Patent No. 6,172,179; 
which is a continuation-in-part of U.S. Patent Application 08/802,130, filed 
on February 19, 1997, now U.S. Patent No. 5,912,319; and also a 
continuation-in-part of U.S. Patent Application No. 09/318,500, filed May 
25, 1999, now U.S. Patent No. 6,232,401; which is a division of U.S. 
Patent Application No. 08/802,130, filed on February 19, 1997, now U.S. 
Patent No. 5,912,319; and claims the benefit of U.S. Provisional 
Application No. 60/182.396, filed February 14, 2000, and U.S. Provisional 
Application No. 60/215,548, filed June 30, 2000, all of which are 
incorporated herein by reference. 

10. D New acceptable drawings are enclosed. 
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11. O The prior application is assigned of record to: PRC-DeSoto International, 

Inc., 5430 San Fernando Road, Glendale, California 91209. 

12. □ Priority of Application No. [Text], filed on [Text] in [Country] is claimed 

under 35 U.S.C. § 119. A certified copy 

□ is enclosed or □ is on file in the prior application. 

13. G Small entity status is appropriate and applies to this application. 

14. S The power of attorney in the prior application is to at least one of the 

following: HNNEGAN, HENDERSON, FARABOW, GARRETT & 
DUNNER, LLP., Douglas B. Henderson, Reg. No. 20,291; Ford F. 
Farabow, Jr.. Reg. No. 20,630; Arthurs. Garrett, Reg. No. 20,338; 
Donald R. Dunner, Reg. No. 19,073; Brian G. Brunsvold, Reg. No. 22,593; 
Tipton D. Jennings, IV, Reg. No. 20,645; Jerry D. Voight, Reg. No. 23,020; 
Laurence R. Hefter, Reg. No. 20,827; Kenneth E. Payne, Reg. 
No. 23.098; Herbert H. Mintz, Reg. No. 26,691; C. Larry O'Rourke, Reg. 
No. 26.014; Albert J. Santorelli, Reg. No. 22,610; Michael C. Elmer, Reg. 
No. 25,857; Richard H. Smith, Reg. No. 20,609; Stephen L. Peterson, 
Reg. No. 26,325; John M. Romany, Reg. No. 26,331; Bruce C. Zotter. 
Reg. No. 27,680; Dennis P. O'Reilley, Reg. No. 27,932; Allen M. Sokal, 
Reg. No. 26,695; Robert D. Bajefsky, Reg. No. 25,387; Richard L. Stroup, 
Reg. No. 28,478; David W. Hill, Reg. No. 28,220; Thomas L. Irving, Reg. 
No. 28,619; Charles E. Lipsey, Reg. No. 28,165; Thomas W. Winland. 
Reg. No. 27,605; Basil J. Lewris, Reg. No. 28,818; Martin I. Fuchs, Reg. 
No. 28.508; E. Robert Yoches, Reg. No. 30,120; Barry W. Graham, Reg. 
No. 29,924; Susan Haberman Griffen, Reg. No. 30,907; Richard B. 
Racine, Reg. No. 30.415; Thomas H. Jenkins. Reg. No. 30,857; Robert E. 
Converse, Jr., Reg. No. 27,432; Clair X. Mullen, Jr.. Reg. No. 20,348; 
Christopher P. Foley. Reg. No. 31,354; John C. Paul, Reg. No. 30,413; 
David M. Kelly, Reg. No. 30.953; Kenneth J. Meyers, Reg. No. 25,146; 
Carol P. Einaudi, Reg. No. 32,220; Walter Y. Boyd. Jr., Reg. No. 31,738; 
Steven M. Anzalone. Reg. No. 32.095; Jean B. Fordis, Reg. No. 32,984; 
Roger D. Taylor. Reg. 28.992; Barbara C. McCurdy, Reg. No. 32.120; 
James K. Hammond. Reg. No. 31.964; Richard V. Burgujian, Reg. No. 
31,744; J. Michael Jakes. Reg. No. 32,824; Thomas W. Banks, Reg. No. 
32,719; Christopher P. Isaac, Reg. No. 32,616; Bryan C. Diner. Reg. No. 
32,409; M. Paul Barker, Reg. No. 32,013; Andrew Chanho Sonu, Reg. No. 
33,457; David S. Forman, Reg. No. 33,694; Vincent P. Kovalick, Reg. No. 
32,867; James W. Edmondson, Reg. No. 33,871; Michael R. McGurk. 
Reg. No. 32.045; Joann M. Neth. Reg. No. 36.363; Gerson S. Panitch, 
Reg. No. 33,751; Cheri M. Taylor, Reg. No. 33,216; Charles E. Van Horn, 
Reg. No. 40.266; Linda A. Wadler. Reg. No. 33.218; Jeffrey A. Berkowitz. 
Reg. No. 36.743; Michael R. Kelly, Reg. No. 33. 921; James B. Monroe, 
Reg. No. 33.971; Doris Johnson Hines. Reg. No. 34,629; Lori Ann 
Johnson, Reg. No. 34,498; R. Bruce Bower, Reg. No. 37,099; John 
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Rissman, Reg. No. 33,764; Therese A. Hendricks, Reg. No. 30,389; 
Leslie I. Bookoff. Reg. No. 38,084; Michele C. Bosch, Reg. No. 40,524; 
Michael J. Flibbert, Reg. No. 33,234; Scott A. Herbst, Reg. No. 35,189; 
Leslie A. McDonell, Reg. No. 34,872; Thalia V. Wamement, Reg. No. 
39,064; Ronald A. Bleeker, Reg. No. 27,773; Kathleen A. Daley, Reg. No. 
36,116; C. Gregory Gramenopoulos, Reg. No. 36,532; Anthony M. 
Gutowski, Reg. No. 38,742; Yitai Hu. Reg. No. 40,653; Lionel M. Lavenue; 
Reg. No. 46,859; Christine E. Lehman, Reg, No. 38,535; Patrick J. Coyne, 
Reg. No. 31,821; and William R Lambert, Reg. No. 44,857. 

15. O The power appears in the original declaration of the prior application. 

16. □ Since the power does not appear in the original declaration, a copy of the 

power in the prior application is enclosed. 

1 7. ^ Please address all correspondence to FINNEGAN, HENDERSON, 

FARABOW, GARRETT and DUNNER, L.L.P., 1300 I Street, N.W., 
Washington, D.C. 20005-3315, Customer Number 22,852. 

1 8. □ Recognize as associate attorney [Name. Address & Red. No/I 

1 9. O Also enclosed is 



FINNEGAN 
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PETITION FOR EXTENSION , If any extension of time is necessary for the filing of this 
application, including any extension in parent Application No. 10/302,177, 
filed November 21, 2001 , for the purpose of maintaining copendency between the 
parent application and this application, and such extension has not otherwise been 
requested, such an extension is hereby requested, and the Commissioner is authorized 
to charge necessary fees for such an extension to Deposit Account No. 06-0916. 



FINNEG 



?RSON, FARABOW, 
& DUNNER, L\L.P. 



Dated: August 19, 2003 




CERTIFICATE OF EXPRESS MAILING 

Express MaH Label No.: EV 351294430 US 

1 hereby certify that this correspondence Is being deposited with the United States Postal Services "Express Mail Post 
Office to Addressee* service under 37 C.F.R. § 1.10. addressed to: Mali Stop Patent Application, Commissioner for Patents, P.O. 

Box 1450. Alexandria, VA 22313-1450, on the date below., y • 

Data: August 19. 2003 Signed: K^j^ru/ay 



Unda Phillips 



'atent Application, Coi 
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PATENT 
Customer Number 22,852 
Attorney Docket No. 8303.0042-05 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE £ 

COMMISSIONER FOR PATENTS . »J 

Washington, D.C. 20231 ^5 

etc 

Prior Application Art Unit: 1711 Prior Application Examiner. Due Truong 



u 

n 

SIR: This is a request for filing a Continuation Application under 37 C.F.R. 
§ 1 .53(b) of pending prior Application No. 09/756,573 filed January 8. 2001 , of 
Jonathan D. Zook, Susan E. DeMoss, David W. Jordan. Chandra B. Rao, Hakam 
Singh, and Ahmed Sharaby for SEALANTS AND POTTING FORMULATIONS 
INCLUDING MERCAPTO-TERMINATED POLYMERS PRODUCED BY THE 
REACTION OF A POLYTHIOL AND POLYVINYL ETHER MONOMER. 

1 . [3 Enclosed is a complete copy of the prior application including the 

oath or Declaration and drawings, if any, as originally filed. I hereby 
verify that the attached papers are true copies of prior Application 
No. 09/756,573 as originally filed on January 8, 2001, and of the 
Declaration filed on June 13, 2001 , which is incorporated herein by 
reference. 

2. □ Enclosed is a substitute specification under 37 C.F.R. § 1 .125. 

3. Q Enclosed is a Request for Non-Publication of Application and 

Certification Under 35 U.S.C. § 122(b)(2)(B)(i). 

4. £<] Cancel Claims 1-21 . 

5. I3 A Preliminary Amendment is enclosed. 

6. £3 The filing fee is calculated on the basis of the claims existing in the 

prior application as amended at 4 and 5 above: 



Basic Application Filing Fee 


$740 


$ $740.00 




Number of 
Claims 




Basic 


Extra 
Claims 






Total Claims 


19 




20 


0 


x$18 




Independent Claims 


3 




3 


0 


x $84 




□ Presentation of Multiple Dep. Claim(s) 


+$280 




Subtotal 


$ 740.00 


Reduction by 1/2 if small entity 




TOTAL APPLICATION FILING FEE 


$ 740.00 



ZOOK EXHIBIT 1007 
Zook v. Zook 

Interference No. 105,555 (MPT) 



■ 
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7. 




Please charge $740.00 to Deposit Account 06-0916 to cover the 
filing fee. 






8. 




The Commissioner is hereby authorized to charge any fees which 
may be required including fees due under 37 C.F.R. § 1.16 and any 
other fees due under 37 C.F.R. § 1 .17, or credit any overpayment 
during the pendency of this application to Deposit Account No. 06- 
0916. 






9. 


El 


Amend the specification by inserting before the first line, the 
following new paragraph: 

This is a continuation of U.S. Patent Application No. 09/756,573, 
filed January 8, 2001, which is a continuation-in-part of U.S. Patent 
Application No. 08/928.972, filed September 12, 1997, which is a 
continuation-in-part of now U.S. Patent No. 5,912,319; and also a 
continuation-in-part of U.S. Patent Application No. 09/318,500, filed 
May 25, 1999, which is a division of now U.S. Patent No. 
5,912,319; and claims the benefit of U.S. Provisional Application 
No. 60/182,396, filed February 14, 2000, and U.S. Provisional 
Application No. 60/215,548, filed June 30, 2000, all of which are 
incorporated herein by reference. 






10. 


□ 


New formal drawings are enclosed. 






11. 




The prior application is assigned of record to: PRC-DeSoto 
International, Inc., 5430 San Fernando Road, Glendale, California 
91209. 






12. 


□ 


Priority of Application No. [Text], filed on [Text] in [Country] is 
claimed under 35 U.S.C. § 1 19. A certified copy 






13. 


□ 


□ is enclosed or □ is on file in the prior application. 
Small entity status is appropriate and applies to this application. 




FINNEGAN 
HENDERSON 
FAR ABO W 
CAR RETT* 
DUNNE* U£ 

1300 1 Street, NW 
Washington, DC 20005 
202.408.4000 
fix 202.408.4400 
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14. 




The power of attorney in the prior application is to at least one of 
the following: FINNEGAN, HENDERSON, FARABOW, GARRETT 
& DUNNER, LLP., Douglas B. Henderson, Reg. No. 20,291; 
Ford F. Farabow, Jr., Rtsg. No. 20,630; Arthur S. Garrett, Reg. 
No. 20,338; Donald R. Dunner, Reg. No. 19,073; Brian G. 
Brunsvold, Reg. No. 22,593; Tipton D. Jennings, IV, Reg. 
No. 20,645; Jeny D. Voight, Reg. No. 23,020; Laurence R. Hefter, 
R«3g. No. 20,827; Kenneth E. Payne, Reg. No. 23,098; Herbert H. 
Mintz, Reg. No. 26,691; C. Larry O'Rourke, Reg. No. 26,014; 
Albert J. Santorelli, Reg. No. 22,610; Michael C. Elmer, Reg. 
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15. 
16. 



□ 
□ 



No. 25,857; Richard H. Smith. Reg. No. 20,609; Stephen L. 
Peterson, Reg. No. 26.325; John M. Romany, Reg. No. 26.331; 
Bruce C. Zotter, Reg. No. 27,680; Dennis P. O'Reilley, Reg. 
No. 27.932; Allen M. Sokal. Reg. No. 26.695; Robert D. Bajefeky, 
Reg. No. 25,387; Richard L. Stroup, Reg. No. 28,478; David W. 
Hill. Reg. No. 28,220; Thomas L. Irving. Reg. No. 28.619; 
Charles E. Lipsey, Reg. No. 28,165; Thomas W. Winland, Reg. 
No. 27,605; Basil J. Lewris, Reg. No. 28.818; Martin I. Fuchs, Reg. 
No. 28.508; E. Robert Yoches, Reg. No. 30,120; Barry W. Graham, 
Reg. No. 29,924; Susan Haberman Griffen. Reg. No. 30.907; 
Richard B. Racine. Reg. No. 30,415; Thomas H. Jenkins, Reg. 
No. 30,857; Robert E. Converse, Jr.. Reg. No. 27.432; Clair X. 
Mullen, Jr., Reg. No. 20.348; Christopher P. Foley, Reg. 
No. 31,354; John C. Paul, Reg. No. 30,413; David M. Kelly, Reg. 
No. 30,953; Kenneth J. Meyers, Reg. No. 25,146; Carol P. Einaudi, 
Reg. No. 32.220; Walter Y. Boyd, Jr., Reg. No. 31.738; Steven M. 
Anzalone. Reg. No. 32.095; Jean B. Fordis. Reg. No. 32.984; 
Roger D. Taylor. Reg. 28.992; Barbara C. McCurdy, Reg. 
No. 32.120; James K. Hammond. Reg. No. 31,964; Richard V. 
Burgujian. Reg. No. 31.744; J. Michael Jakes. Reg. No. 32.824; 
Thomas W. Banks, Reg. No. 32,719; Christopher P. Isaac, Reg. 
No. 32,616; Bryan C. Diner, Reg. No. 32,409; M. Paul Barker, Reg. 
No. 32,01 3; Andrew Chanho Sonu, Reg. No. 33,457; David S. 
Forman. Reg. No. 33.694; Vincent P. Kovalick. Reg. No. 32.867; 
James W. Edmondson. Reg. No. 33.871; Michael R. McGurk. Reg. 
No. 32,045; Joann M. Neth, Reg. No. 36.363; Gerson S. Panitch, 
Reg. No. 33,751; Cheri M. Taylor, Reg. No. 33,216; Chartes E. Van 
Horn, Reg. No. 40,266; Unda A. Wadler. Re# No. 33.218; Jeffrey 
A. Berkowitz, Reg. No. 36.743; Michael R. Kelly. Reg. No. 33. 921; 
James B. Monroe, Reg. No. 33,971; Doris Johnson Hines, Reg. No. 
34.629; Allen R. Jensen, Reg. No. 28.224; Lori Ann Johnson, Reg. 
No. 34,498; R. Bruce Bower. Reg. No. 37.099; John Rissman. Reg. 
No. 33.764; M. Lawrence Oliverio, Reg. No. 30,915; Therese A. 
Hendricks, Reg. No. 30.389; Leslie I. Bookoff, Reg. No. 38,084; 
Michele C. Bosch, Reg. No. 40.524; Michael J. Flibbert. Reg. No. 
33.234; Scott A. Herbst, Reg. No. 35.189; Leslie A. McDonell, Reg. 
No. 34,872; Thalia V. Wamement, Reg. No. 39,064; Robert J. 
Eichelburg, Reg. No. 23.657; and Phil N. Makrogiannis. Reg. No. 
47,766. 

The power appears in the original declaration of the prior 
application. 

Since the power does not appear in the original declaration, a copy 
of the power in the prior application is enclosed. 
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17. ^ Please address all correspondence to FINNEGAN, HENDERSON, 

FARABOW, GARRETT and DUNNER. LLP.. 1300 I Street, N.W., 
Washington, D.C. 20005-3315, Customer Number 22,852. 

18. Recognize as associate attorney William R. Lambert, Reg. No. 
44.367. of Finneoan. Henderson. Farabow. Garrett & Dunner. LLP. 

19. □ Also enclosed is 



PETITION FOR EXTENSION . If any extension of time is necessary for the filing 
of this application, including any extension in parent Application No. 09/756,573, 
filed January 8, 2002, for the purpose of maintaining copendency between the 
parent application and this application, and such extension has not otherwise 
been requested, such an extension is hereby requested, and the Commissioner 
is authorized to charge necessary fees for such an extension to Deposit Account 
No. 06-0916. A duplicate copy of this paper is enclosed for use in charging the 
deposit account 



FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, LLJ 



Dated: November 21 , 2002 




CERTIFICATE OF EXPRESS MAMJNO 

n: EL 746265364 US 

\ hereby certify that tltis correspondence is being deposited with the United States Postal Services "Express Mail Post Office to Addressee" 
service under 37 C.F.R § 1 10. addressed to Box Patent Appecabons, Commasiooer tar Patents. Washington, D C 20231. on the date 



Dates. 
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Received: 25.Apr.01 07:23 PM from. 6508496T To: 8013408449 
APR 25 2001 17:20 FR FINNt « HENDERSON 
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849 6666 TC\ 313408449 P. 06 



Customer Number 22.652 
Attorney Ooeket No. $303.00*2.04 



DECLARATION AND POWER OF ATTORNEY 



» _ rtArnwJ ^venter I Kareby deetans *at my residanco, pott office adoreas and cfliensh* are as «©tad below next to my name; 1 beflsve I 
.J^^^^l^^i^^ only ©no name to titled below) or an on^nal, first, end joint Inventor (B plural names are listed below} of me 
^SS!ST JS£h t^SneTe^ to wWch e patent tl sought on ff* Invtnflon orUWe* SEALANTS ANO POTTING FORMULATIONS MERCAPTO- 
t£™™t^^ BY THER£ACTON OF A POLYTNIOl AKO POLYVINYL ETHER MONOMER. ** spacrBcaton Of which □ 

i^l^^B^S "led le« JbnuLry 8, 2001. as United St* Application Serial NO, 0*758.573 Of PCT tntamatfonoJ AopOcaiton No. 

and was amended on . (If appttoabta). 

• k . mM mmt , hav -> ^viewed and underaimnd too content of tha abovendflnJified apeoecafion, Including the dalma, as emends fay any 
,me!^^ 

, t . -rfaHtw beneflti under 35 U.S.C. i 1 itt»W<l) or 5 365(b) of an 7 foreign apptle*6cn<») tar patent or Inventor*! oerrtcatt or 

« ^penSm^ vSa^ desfcnatog at Mart or- ciunlry other M .Tu*«* Statee. (Wed below and havo also WemMied 

S^'JJ ^^^^Tf^S e£n^ert**a. or any PCT .ntonulion- appieedonCa) having • ""9 CO* before that of (tie 
appflcadofHa) of which priority le claimed: 



Country 














□ YES d NO 













Date of FKnrj 


607182.366 


Fabmary W, 2000 | 


607215,548 


juna 30.2000 



~~ Application Number 






"09/318,500 


May 25. 19*4 


Pending 


067828.872 


September 12, 1997 


Patented 




February i», 19S7 


Patented 







. * u ^AtmAw •fvf/nf ae*ntfal to nrasecuta this aDoOcatlon and transact afl business In toe Patsnt end Trademark Otrice 

' ^'^i^^.^^^^eS^^^^TT * WWHHtllp, CUSTOMER NUMBSR 22,091 Douglas B. Henderson t 
<»"n*«^J?" re ;^^ No. 20.330; Donald H Dunner. Reg. No. 19.071; Brian G. Bruravoid, 

Reg. no. 20.29J: fort F. F "*2^2T5J ^5M5T5eS o VtfohL Red. No. 23 020: Laaenea R. Htftar. Rag. No. 20,627: Kennati E. Payne, 
Reg- No- 2Z5»; WO. ;*""^£Sb«?CIL^ Sartors*, Rag. No. 21810; MehaaiC. Etner. Reg. 

Reg. NO. 23.088: ZSsw^TpSfteo^a 26.325; John M. Romary. Reg. No. 28.331; Bruce C Zooer.-Reg. No. 

No. 29.857; R»»rt H . Smrth. M»No: ffffigfifi MiJSSiSXSSfc Robert 0. Ba>ef*y. Reg. No 25.387; Rknatd L. S troop, Reg. No. 
27.680; Oennia ^ST^'S^^^Si^Sn^ NO 2881? OarteaE Upg^Rai No?26.16e: Thomas W. Wrtand, Rag. No. 27.605; 
26.478: DevW W. Ra^Nft Kfc e?RoW^^R«^ aflW Barry W. Graham, Reg. NO. 29*24; Susan 

Haberman GrWen. R"g- ~i~-"r£ "rfSS. c^oohMtP Foley Rag. No. 31,184; Jphn C. Paul Rag. No. 30.413; Roger 0. Taylor. Reg. No. 28.992; 
27,432; Clair X Mullen. J'.RjO- T.J^mj^^R^^UU^^ol P. EVwuS, Rog. No. 31220; Waller Y. Boyd, Jr.. Reg. No. 31.738; Steven 
David M. Kelly. Reg. No. 31120: James K. Hammond. Rao. Ms. 31.964; Richard 

M. Araelone. Reg. No. 32.098; fSJ^JS^S^St^ I^^VV^aZ Re^NO. 31718: Chrtetopher P. Isaac, ReO- No. 81616: Bryen . 
V. BurguJIan. Rag. Na ^ 7 ^yflS^K«S5^^ 33^57; OavW 8. Fonnan. Rag. No. 43.694; vmcent P. 

C. Diner. Reg. No. 32.409: "SJTrbo No 33871- Michael R. McGu* Rag. No. 31048; Joann M. Nam. Rsg. Na 36.363: Gsrwn 8. 
KovaTK*. Reg. ^ '^ : ^"^ B !^^^ 2ll' Chariee 6.^H«n. Rag. NTio.26G: Unoa A- Wadlar, Rag. No. 33i1 8; Jeffrey A. 
P^lK*. Reg. No. 33.761: C^J^g^S^S^rS wTj^B Ntonres; Rot NO. 33,971; Dorta Johnton Mines. Reg. No. 34.8 29: Men R. 

j.n.«i. Reg. No. W jSt^SSto^^ FWNEW&, HENDERSONr\ 

FmwSwrVWF^ mliUIWllRI T^OOlStt yN^ O.C. 20005. Telspnona NO. (202) 4OIM000. J ) 

" . _,. ZZHH m3ri> hM«n of mv own knowledoe ere eve and that an stotementt made on inftwmaSon and eauef are believed 

, hefBOy aector. mat all tel« ^temnb and the Ike so made are punishable by fine or 

10 ^^XX^^ ' BB ' ■d"sjl ttsa stawnaMS mayjeopardlza d» voDdRyof m. 

appllsotton or any patent baung thoraon. 
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Attorney Docket No- 6303.0042-04 



Fun Name of Flret Inventor 
Jonathan O. Zook 




USS) . 1 

rjl)v*n«hto 1 


2M03^*h Point Piece. Seme Ctorito. CA 91381 \J 


v^uzerujnsy $ 
United States of America 1 


Pesi Office Address 

Seme ee above , r 




FuS Name of Second Inventor 
Suean C. DtMou 


Invsnktfa Signature 


Date I 

OtizeneNp 1 


*742o£n Owen Street. #5. Van Nuys, CA 91406 


United States c* America 1 


Poet omce Address 
Same sa aOove 




Fyj| Name of Third Inventor I 
DavM W. Jordan j 




Data 1 


?0^Dee Moines Avenue, Northridge, CA 91320 


Cittzeneftjp I 
United States of America 1 


Post Office Address 
Seme aa above 




Fun Name of Fourth inventor' \ 
Chandra B.Rao 


Tnvtniof* Signal 


Dale 1 


^f?JSr\h Player Drive. #7-15. Valencia. CA 91366 


udzensrep 1 
United States of America 1 


Poet Office Address 




Full Name of Fifth Tnvew 
Haaam Singh 


Inventor 4 * Signature 


Date ~ 1 


7u0 Wlneton Avenue. Bradbury. CA 91010 


Cifizenehip 1 
United States <rf America 1 


''poet Office Address 




Full Name ci sow inventor 
Ahmed Share by 


Inventor's Signature 


Date | 


Residence - A a 
15666 Palconrtm, Canyon Country, CA 91351 


ciuienenip j 
Unaed States of America 1 


Post Office Adtirese 




TuR Name Of ievemn inventor 






Residence 


urozansntp i 


Poet times Address 




>ufl Name ofEleMh inventor 


1 Inventor^ Sionaturs 




Residence : 




fW Office Address 1 



J«nuay2000 

FINNEGANi hendercon, faaabow, OARRETT fc MM**, LXJ>. 
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Attorney Docket No. 8303.0042-04 



DECLARATION AND POWER OF ATTORNEY 



As a below named inventor, 1 hereby declare that my residence, post office address and citizenship are as stated below next to my name; I believe I 
am the original first and sole inventor (ff only one name is Hsted below) or an original, first, and joint inventor (if plural names are feted below) of the 
subject matter which is claimed and for which a patent is sought on the invention entitled: SEALANTS AND POTTING FORMULATIONS MERCAPTO 
TERMINATED POLYMERS PRODUCED BY THE REACTION OF A POLYTHIOL AND POLYVINYL ETHER MONOMER, the specification of which □ 

is attached and/or H was filed on January 8, 2001 . as United States Application Serial No. 09/756,573 or PCT International Application No. 

and was amended on flf applicable). 

1 hereby state that I have reviewed and understand the contents of the above-identified specification, including the claims, as amended by any 
amendment referred to above. I acknowledge the duty to disclose information which Is material to patentability as defined in 37 CFR § 1.56. 

I hereby daim foreign priority benefits under 35 U.S.C. § 1 1 9{aHd) or § 365(b) of any foreign applications ) for patent or Inventor's certificate or 
§ 365<a) of any PCT international application^ ) designating at least one country other than the United States, listed below and have also Identified 
below any foreign application's) for patent or inventor's certificate, or any PCT International application's) having a filing date before that of the 
application's) of which priority is claimed: 



Country 


Application Number 


Date of Filing 


Priority Claimed Under 35 U.S.C. 119 








□ YES □ NO 








□ YES □ NO 



I hereby claim the benefit under 35 U.S.C. § 1 19(e) of any United States provisional applicatton(s) Isted below: 



Application Number 


i Date of Filing 


60/182.396 


February 14. 2000 


607215,548 


June 30, 2000 j 



the 



I hereby daim the benefit under 35 U.S.C. § 120 of any United States application's) or § 365(c) of any PCT International application's) designating 
United States, listed below and, insofar as the subject matter of each of the claims of this application is not disclosed In the prior United States or 
PCT International application's) in the manner provided by the first paragraph of 35 U.S.C. § 1 12, 1 acknowledge the duty to disdose information which 
Is material to patentability as defined In 37 CFR § 1 .56 which became available between the filing date of the prior appBcation's) and the national or PCT 
International fifing date of this application: 



Application Number 


Date of Filing 


Status (Patented, Pending, Abandoned) 


09/318,500 


May 25. 1999 


Pending 


08/928,972 


September 12, 1997 


Patented 


08/802,130 I 


February 19. 1997 


Patented 



I hereby appoint the following attorney and/or agent's) to prosecute this application and transact alt business in the Patent and Trademark Office 
connected therewith. FINNEGAN, HENDERSON, FARABOW, GARRETT ft DUNNER, L.L.P., CUSTOMER NUMBER 22,852, Douglas B. Henderson, 
Reg No 20,291; Ford F. Farabow. Jr., Reg. No. 20.630: Arthur S. Garrett, Reg. No. 20.338; Donald R. Dunner. Reg. No. 19,073; Brian G. Brunsvold, 
Reg No 22 593; Tipton D. Jennings, IV, Reg. No. 20.645; Jerry D. Voight, Reg. No. 23,020; Laurence R. Hefter, Reg. No. 20,827; Kenneth E. Payne, 
Reg No 23 098; Herbert H. Mint, Reg. No. 26,691: C. Larry ORourke, Reg. No. 26,014; Albert J. Santorefli, Reg. No. 22,610: Michael C. Ekner. Reg. 
No 25 857- Richard H. Smith. Reg. No. 20.609; Stephen L. Peterson. Reg. No. 26.325; John M. Romany. Reg. No. 26,331; Bruce C. Zotter, Reg. No. 

27 680; Dennis P. CReilley. Reg. No. 27,932; Aden M. Soke!, Reg. No. 26,695; Robert D. Bajefsky, Reg. No. 25,387: Richard L Stroup, Reg. No. 

28 478* David W. Hill, Reg. No. 28,220; Thomas L Irving, Reg. No. 28,619; Charles E. Upsey, Reg. No. 28.165: Thomas W. WNand, Reg. No. 27,605; 
Basil J. Lewris, Reg. No. 28,818; Martin I. Fuchs. Reg. No. 28.508; E. Robert Yoches. Reg. No. 30.120; Barry W. Graham, Reg. No. 29.924; Susan 
Haberman Griften, Reg. No. 30,907; Richard B. Racine, Reg. No. 30.415; Thomas H. Jenkins, Reg. No. 30,857: Robert E. Converse. Jr.. Reg. No. 

27 432' Clair X. Mullen, Jr., Reg. No. 20,348; Christopher P. Foley. Reg. No. 31 ,354; John C. Paul. Reg. No. 30,413; Roger D. Taylor, Reg. No. 28.992; 
David M Kelly Reg. No. 30,953; Kenneth J. Meyers, Reg. No. 25,146; Carol P. Einaudi, Reg. No. 32,220; Walter Y. Boyd, Jr., Reg. No. 31,738; Steven 
M Anzaione Reg. No. 32.095; Jean B. Fordts. Reg. No. 32,984; Barbara C. McCurdy, Reg. No. 32,120; James K. Hammond. Reg. No. 31 .964; Richard 
V Burguuan Reg. No. 31.744; J. Michael Jakes. Reg. No. 32.824; Thomas W. Banks, Reg. No. 32,719; Christopher P. Isaac. Reg. No. 32,616; Bryan 
C Diner Reg. No. 32,409; M. Paul Barker, Reg. No. 32.013; Andrew Chanho Sonu, Reg. No. 33,457; David S. Forman, Reg. No. 33,694; Vincent P. 
Kovailck Reg No. 32,867; James W. Edmondson, Reg. No. 33.871; Michael R. McGurk, Reg. No. 32,045; Joann M. Neth, Reg. No. 36,363; Gerson S. 
Panitcb Reg No. 33.751; Chert M. Taylor, Reg. No. 33,216: Charles E. Van Horn. Reg. No. 40,266; Linda A. Wadter, Reg. No. 33,218; Jeffrey A. 
Berkowitz Reg No. 36,743; Michael R. Kelly. Reg, No. 33,921; James B. Monroe, Reg. No. 33,971; Doris Johnson Klines, Reg. No. 34,629; Allen R. 
Jensen Reo No 28 224; Lori Ann Johnson, Reg. No. 34.498; David A. Manspeizer. Reg. No. 37.540: Robert J. Eichelburg. Reg. No. 23,057; Phil N. 
Makrooiannis Reg No. P-47,766; and Linda Pingitore. Reg. No. 30.414. Please address all correspondence to FINNEGAN, HENDERSON, 
FARABOW, GARRETT & DUNNER, L.UP. 1300 1 Street, N.W.. Washington. D.C. 20005, Telephone No. (202) 408-4000. 

I hereby declare that alt statements made herein of my own knowledge are true and that all statements made on information and belief are believed 
to be true; and further that these statements were made with the knowledge that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under section 1001 of TifJe 18 of the United States Code, and that such willful false statements may jeopardize the validity of the 
application or any patent issuing thereon. 

Listing of Inventors on Page 2 hereof. 

FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER, LLP. 



January 2000 
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Full Name of First Inventor 
Jonathan D. Zoo* 


Inventor's Signature 


Date 


Residence 

20303 High Point Place. Santa Clarila, CA 91351 


Citizenship 

United States of America 


Post Office Address 
Same as above 


Full Name of Second Inventor 
Susan E. DeMoss 


Inventor's Signature 




Residence L 
17420 Van Owen Street, #5, Van Nuys, CA 91406 




Citizenship 

United States of America 


Post Office Address 
Same as above 


Ful Name of Third Inventor 
David W. Jordan 


Inventor's Signature 


Dale 


Residence 

10960 Oes Moines Avenue. North ridge, CA 91326 


United States of America 


Post Office Address 
Same as above 


Full Name of Fourth Inventor 
Chandra B. Rao 


Inventor's Signature 


Date 

4123/0/ 


Residence 

25716 North Player Drive. tfT-15, Valencia. CA 91355 


Citizenship 

United States of America 


Post Office Address 
Same as above 


Full Name of Fifth Inventor 
Hakam Singh 


Inventor's Signature . * 1 


Date ! 


Residence 

706 Winston Avenue, Bradbury. CA 91010 


Citizenship 

United States of America 


Post Office Address 

Same as above v 


Ful Name of Sixth Inventor 
Ahmed Sharaby 




Data 


Residence X 
15866 Falconrim. Canyon Country. CA 91351 X. 


Citizenship 

United States of America 


Post Office Address 
Same as above 


Full Name of Seventh Inventor 


Inventor's Signature 


Date 


Residence 


Citizenship 


Post Office Address 


Full Name of Eighth Inventor 


Inventor's Signature 


Date 


Residence 


Citizenship 


Post Office Address 



FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER, L.L.P. 



January 2000 



\" ; Attorney Docket No. 8303.0042-04 



DECLARATION AND POWER OF ATTORNEY 



As a below named inventor I hereby declare that my residence, post office address and citizenship are as stated below next to my name; I believe I 
am the original, first, and sole inventor (if only one name Is listed below) or an original, first, and joint inventor (if plural names are J^t»low)of the 
subiect matter which is claimed and for which a patent is sought on the invention entitled: SEALANTS AND POTTING FORMULATIONS MERCAPTO- 
TZRMINATED POLYMERS PRODUCED BY THE REACTION Of A POLYTHIOL AND POLYVINYL ETHER MONOMER, me specification of which □ 

is attached and/or B was filed on January 8. 2001 . as United States Application Serial No. 09/756.573 or PCT International Application No. 

and was amended on (If applicable). 

I hereby state that I have reviewed and understand the contents ol the above-identified specification, including the claims, as amended by any 
amendment referred to above. I acknowledge the duty to disclose Information which is material to patentability as defined in 37 CFR § 1.56. 

I hereby claim foreign priority benefits under 35 U.S.C. § 1 19(aH<0 or § 365(b) of any foreign appficatton(s) for patent or inventor's certificate or 
§ 365(a) of any PCT international appiication(s) designating at least one country other than the United States, listed below and have also identified 
below, any foreign application^) for patent or inventor's certificate, or any PCT International application^) having a fifing date before that of the 
application^) of which priority is claimed: 



Country 


Application Number 


Date ol Filing 


Priority Claimed Under 35 U.S.C. 119 








□ YES □ NO [ 








□ YES D NO | 



I hereby claim the benefit under 35 U.S.C. § 1 19(e) of any United States provisional application^) Isted below: 



Application Number 


Date of Fifing | 


607182,396 


February 14. 2000 


607215,548 


June 30. 2000 



I hereby daim the benefit under 35 U.S.C. § 120 of any United States application^) or § 365(c) of any PCT International applications) designating 
th» t tailed States listed below and, insofar as the subject matter of each of the daims ol this application Is not disclosed In the prior United States or 
PCT In SmES appncatlon(s) in the manner provided by the first paragraph of 35 U.S.C. § 1 12, 1 acknowledge the duty to disclose irrforrnatton , whfch 
^material to patentability as defined in 37 CFR § 1 .56 which became available between the fifing date of the prior applications) and the national or PCT 
International fifing date of this application: 



Application Number 


Date of Filing 


Status (Patented, Pending, Abandoned) 


09/318,500 


May 25, 1999 


Pending 


067928.972 


September 12, 1997 


Patented j 


08/802,130 


February 19. 1997 


Patented 



i herohv anodnt the followinc- attorney and/or agent(s) to prosecute this application and transact all business In fte Patent and Trademark Office 
cJrw^erT herewith FINNEGAN, HENDERSON, FARABOW, GARRETT A DUNNER, L.LP.. CUSTOMER NUMBER 22,852, Douglas B. Henderson, 
Reo No 20.29V Ford F Farabow, Jr.. Reg. No. 20.630; Arthur S. Garrett, Reg. No. 20.338; Donald R. Dunner. Reg. No. 19,073; Brian G. Brunsvold. 
Ree No' 22 593 : Ttotonb Jennings, IV, Reg. No. 20.645; Jerry D. Voight, Reg. No. 23,020; Laurence R. Hefter, Reg. No. 20,827; Kenneth E. Payne, 
Reo No* 23 098 : Herbert H Mint, Reg. No. 26,691; C. Larry CRourice, Reg. No. 26,014; Albert J. Santorefli. Reg. No. 22,610; Michael C. Elmer. Reg. 
Mn25 857* Richard K Smith Reg. No. 20.609; Stephen L Peterson, Reg. No. 26.325; John M. Romary, Reg. No. 26,331; Bruce C. Zotter, Reg. No. 
27 fiS" Dennis P Otteilley Reg. No. 27,932; Alien M. Sokal, Reg. No. 26.695; Robert D. Bajefsky. Reg. No. 25.387; Richard L Stroup. Reg. No. 
?fl 47fl : David W m Reg No. 28.220; Thomas L. Irving. Reg. No. 28.619; Charles E. Lipsey, Reg. No. 28,165; Thomas W. Wlntand, Reg, No. 27,605; 
Barf J Lewris Reo No 28,818; Martin I. Fuchs, Reg. No. 28.508; E. Robert Yoches, Reg. No. 30.120; Barry W. Graham. Reg. No. 29.924; Susan 
Sberron Griffen Reg No 30.907; Richard B. Radne, Reg. No. 30.415; Thomas H. Jenkins. Reg. No. 30,857; Robert E. Converse, Jr., Reg. No. 




vSL Reg* No 31.744; J. Michael Jakes. Reg. No. 32.824; Thomas W. Banks, Reg. No. 32,719; Christopher P. Isaac, Reg. No. 32,616; Bryan 
r nLfir RM No 32 409- M Paul Barker, Reg. No. 32,013; Andrew Chanho Sonu, Reg. No. 33.457; David S. Forman, Reg. No. 33,694; Vincent P. 

rm No 32 867 : James W. Edmondson. Reg. No. 33.871; Michael R. McGurk. Reg. No. 32.045; Joann M. Neth, Reg. No. 36.363; Gerson S. 
PanTtch R« No 33 751; Cheri M. Taylor, Reg. No. 33.216; Charles E. Van Horn, Reg. No. 40.266; Linda A. Wadter, Reg. No. 33,218; Jeffrey A. 
n«A«Jfc7 Ren No 36 743* Michael R. Kelly, Reg. No. 33.921; James B. Monroe. Reg. No. 33.971 ; Doris Johnson Hines. Reg. No. 34,629; Allen R. 
10.3/ Rea No 28 224- Lori Ann Johnson, Reg. No. 34,498; David A. Manspelzer. Reg. No. 37,540; Robert J. Elchelburg, Reg. No. 23,057; Phil N. 
^krooianrds Rea No M7.766; and Linda Plngttore. Reg. No. 30.414. Please address all correspondence to FINNEGAN, HENDERSON, 
FARABOW, GARRETT & DUNNER, LLP. 1300 I Street N.W.. Washington. D.C. 20005. Telephone No. (202)408-4000. 

I herebv declare that an statements made herein of my own knowledge are true and that all statements made on information and belief are believed 
to be true- and further that these statements were made with the knowledge that willful false statements and the Qke so made are punishable by fine or 
im^scjnment, or both, under section 1001 of TttJe 18 of the United States Code, and that such wilHui false statements may jeopardize the validity of the 
application or any patent issuing thereon. 

Listing of Inventors on Page 2 hereof. 

January 2000 

FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER, L.L.P. 
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Full Nam© of First Inventor 
Jonathan D. Zoofc 


Inventor's Signature 


Date 


Residence 

20303 High Point Place. Santa Clarita, CA 91351 


Citizenship 

United States of America 


Post Office Address 
Same as above 




Fufl Name of Second Inventor 
Susan E. DeMoss 


Inventor's Signature 


Date 


Residence 

17420 Van Owen Street, #5. Van Nuys, CA 91406 


United States of America ! 


Post Office Address 
Same as above 




Full Name of Third Inventor 
David W. Jordan 


Inverter's Sienalure ( 




Residence A 
10960 Oes Moines Avenue, Northridge, CA 91326 


Citizenship 

United States of America 


Post Office Address 
Same as above 




Fufl Name of Fourth Inventor 
Chandra B. Rao 


Inventor's Signature 


Date 


Residence 

25716 North Player Drive. #T-15, Valencia, CA 91355 


Citizenship 

United States of America 


Post Office Address 
Same as above 




Full Name of Fifth Inventor I Inventor's Signature 
Hakam Singh | 


Date 


Residence 

706 Winston Avenue. Bradbury. CA 91010 


Citizenship 

United States of America 


Post Office Address 
Same as above 




FuB Name of Sixth inventor 
Ahmed Sharaby 


Inventor's Signature 


Date 


Residence ^ a MmmM 
15666 Falconrfm, Canyon Country, CA 91351 


Citizenship 

United States of America 


Post Office Address 
Same as above 




Full Name of Seventh Inventor 


Inventor's Signature 


Date 


Residence 


Citizenship 


J Post Office Address 




Full Name of Eighth inventor 


Inventor's Signature 


Date 


Residence 


Citizenship 


Post Office Address 



FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER, LXJ>. 



January 2000 
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P8ge:6of9 ff 

P. 06 <y 

Customer Number 22,052 
Attorney OockM No. $303.0042-04 



- by email. Free. <&Fax.com 

ro 18013408449 



As a t*to*86mMW*Mor l hereby declare *at my rtsldenos. post office address and ottzancty are as sored below next to my name: \ believe I 
am the ohdr^ flraI^d»ole inventor (if only one name is Ibtad betow) or an original, flrst. and joint inventor Of phira. namaa are listed beta*) Of the 
sS^^SaTJS Sdaimed and for which a patani a **ifittoo Invent an&fied: 8EALANTS AKO POTTING FORMULATIONS MERCAPTr> 
TERjm^TSO P^YMCRS PRODUCED BY THE REACTION OF A POLYTHtOt AND POLYVINYL ETHER MONOMER the specification of whidi Q 

is attached and/or Sweated on January B, 2001 . as UnJbad StaHs Appication SariaJ NO. 09/768,673 Of PCT IntemaiionaJ Application No. 

and was amended on _____ Of applicable)* 



I hereby state that I have reviewed and understand the 
amendment referred to above. I acknowtedge the duty to - 



_ of the above-idanfifted specrficaton. 'mduolog the claims, as amended by any 
intermatton which (a matenat io patsntobilifcy as defined In 37 CFR § 1.5& 

I hereby dafrn Ibreign priority benefits under 35 U AC. § 1 1 9(aHd) or § 385(b) of any foreign appfcatfonfc) lor patent or inventor's certacote or 
s 365r»7o? anv PCT tntamatlcynl appflcatton(s) destaiadno at inat one country other than the United States, fisted below and have also identWed 

application^) of which priority la claimed: 



Country 


Application Number 


DataofFfflng 


1 Priority Clahied Under 36 U.S.C 119 | 








□ YES d NO 1 








P yes D Kk!> 1 



I hereby claim (he benefit under 35 U.S.C. § 1 1 8(e) of any United States provisional appftoattonja) listed betow: 



AppOcalion Number 


Data of Filing 


60/182,396 


r^obfUaryU.2000 


60/215,5^8 


Ame 30,2000 



l hereby dafrn the benefit under 35 U.aC. § 120 of any United Stales application^) or § 365(c) of any PCT International apPtaMM designating 
^Jn!^<S^ feted beiow and tnsofv as the subtod matter of each of the claims of 1Ns appfatfon is not disclosed tn the prior United States or 

^CaUo^niSlwy aVdeflned In 37 CFR 8 1 .56 which became available between the «flng deia of the prior appficrion<a) and the national or PCT 
tntematlona) flttng dale of this appflcattofr 



I Application Number 


Data of RRng 


Statue (Patented. Pending, Abandoned) 


09/31 B, 500 


May 25, 1999 


Pending 


087928,972 


Septembers 1997 


Patented 


067802,130 


February 19, 1997 


Patented — 



1 huatu otnniMt the tniawfno attorney and/or agent/a) to prosecute We app&zton and transact an busineee In the Patent end Trademeik CWIee 

GA/IRETT 4DUNNCR, U-fc. CUSTOMER NUMBER W^J-M B. H^derson. 
^ iSf^^i^ r^ersbow Jr Reg. No. 20,830: Arthur & Garrett Reg. No. 20,33* Donald fc Ounner. Reg. NO. 19.073; Brian G. BrunsvokJ. 





r tf - j. bZlNc 20 348: Chriatcoher P. Foley. Rag. No. 31,354; John C Paul Rag. No. 30,413; Roger D. Taytor, Reg. No. 28,992; 

M. Amalone, f 
V. BuiguJIan, I 

S^R^No '3?rSV<^ M. Taylor, Peg. No.33.2ie; Chariee EL Van Hon,. Reg, No. 40.MG; Linde A^Wadl^Reg. No. 33518: £*ey A. 
p^'t^R^No 38 ' W*l Mfchael R?Kefl7Roo. No. 33.921: Jtmi B. Monroe, Reg. Na 33.071: Doris Johnson Wnes. Rep. No. 34.62£ Alton R 
^ ReKtt M*Lon*w. John™ R.Tno.. 34.498: David A. Manspefcer. Reg. No. 37.840: Robert J. fMhetorg R £j*L££J- PW N - 
J^i^S; Rn Two P^STond Undo Pfctgrtore. Reg. No. 30.414, Please address all correspondence to FINNEGAN, HENDERSON. 
F^O^oSlRE-rT 4 DUNNER, LJ_P. 1300 1 StrM N.W.. Washington. O.C. 20005. Telephone No. (202) 408-1000. 

. h ««hv nodaie mat all statements made herein of my own knowledge ere (roe and »hat al statements made on Infermatlon end betel are . beOeved 
,„ ^I^ifl^r tnai mn^tements ware mad. wtm the knowledge tftet wiWul fete, rtatamenb end me like so made are OuntohaW. by fine or 
^^ 9 ^ OT^m.u"d»rtKnon 1001 of Tide 18 of *. United States Coda, and thai Su« willful lalaa statements may leopardtze lha val^ty of the 
application or any patent issuing thereon. 

Listing of inventors on Pegs 2 hereof. 

FINNEGAN, HENDERSON, FARABOW. GARRETT « CONNER. L.L.P. 



January 2000 



ZOOK EXHIBIT 1009 
Zook v. Zook 

Interference No. 105,555 (MPT) 
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Listing of Inventors From Pagel hereof. ' Attorney Ooaet No. 6W3.0042-04 



Full Name of First Inventor 
Jonathan O.Zook 




Date 

4>*t>-ol 


Residence aa f 1 I J 
20303 High Point Piece, Santa Oarita, CA 91351 [/ ^-^ 


Qrjztnsrup 

United States of America 


Post Office Add rose 

Same at above 




Fua Name of Sooond inventor 
Suean e\ DeMoss 


Inventors Signature 


Date 


Residence 

17420 Van Owen Street #6\ Van Nuya, CA 91406 


Sttrsrisfttp 

United States of America 


Post Office Address 
Same as above 




Full Name of Third Inventor 
David W. Jordan 


Inventor's Signature 


Date 


lOgWOes Moines Avenue. Nc*thrtdge, CA 91320 


Citizenship 

United States of America 


Post Office Address 
Same as above 




Fua Name of Fourth Inventor 
Chandra B. Rao 


loventors Signature 


Date 


Residence 

25716 North Player Drive, *M5. Valencia. CA 91359 


Citizenship 

United States of America 


Posl Office Addreee 
Seme as above 




FUJI Name of Fifth Inventor 
HaKam Singh 


Inventors Signature 


Date 


Residence 

706 Wnston Avenue, Bradbury, CA 91010 


United States of America 


Post Office Address 
Seme as aoow 




Full Nams of SWtl Inventor 
Ahmed Sharaby 


Inventors Signature 


Date 


Residence 

15666 faiconrim, Canyon Country, CA 91351 


Citizenship 

United States of America 


Post Office Address 
9ame as above 




"RjnVbme of Severrm inventor 




Data 


Residence 




Post Office Address 




Fun Name of" SgWh inventor 


Inventors Signature 


Date i 


Residence 


attzenanlp 


Post Office Address 



FINNCOAN, HENDERSON, PARABOW, GARRETT a DUNNE R, LLP. 



January 2000 



As a below 
am the original 




Customer Number 22,852 
Attorney Docket No. 8303.0042-04 



DECLARATION AND POWER OF ATTORNEY 



dedare that my residence, post office address and citizenship are as stated below next to my name; I believe I 
i venter (If only one name is listed below) or ah original, first and Joint inventor (if plural names are listed below) of the 
subject matter which ts claimed and for which a patent Is sought on the invention entitled: SEALANTS AND POTTING FORMULATIONS MERCAPTO- 
THRMINATED POLYMERS PRODUCED BY THE REACTION OF A POLYTHIOL AND POLYVINYL ETHER MONOMER, the specification of which □ 

is attached and/or H was filed on January 8. 2001 , as United States Application Serial No. 09/756,573 or PCT International ApptatJon No. 

and was amended on (if applicable). 

I hereby state that I have reviewed and understand the contents of the above-identified specification, including the daJms, as amended by any 
amendment referred to above. 1 acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR § 1.56. 

I hereby daim foreign priority benefits under 35 U.S. C. § 11 9{aHd) or § 365(b) of any foreign application (s) for patent or inventor's certificate or 
§ 365(a) of any PCT international application^) designating at least one country other than the United States, listed below and have also identified 
below, any foreign applications) for patent or inventor's certificate, or any PCT International applications) having a filing date before that of the 
apptteation(s) of which priority is claimed: 



Country 


Application Number 


Date of Filing 


Priority Claimed Under 35 U.S.C. 119 








□ YES □ NO 








d YES □ NO 



I hereby claim the benefit under 35 U.S.C. § 1 19(e) of any United States provisional appiication(s) listed below: 



Application Number 


Date of Ring 


60/182,396 


February 14, 2000 


507215.548 


June 30, 2000 



I hereby claim the benefit under 35 U.S.C. § 120 of any United States appfication(s) or § 365(c) of any PCT International appllcation(s) designating 
the United States, listed below and. insofar as the subject matter of each of the claims of this application is not disclosed In the prior United States or 
PCT International appHcation(s) in the manner provided by the first paragraph of 35 U.S.C. § 112, 1 acknowledge the duty to disclose information which 
is material to patentability as defined in 37 CFR § 1 .56 which became available between the filing date of the prior application^) and the national or PCT 
International filing date of this application: 



ij Application Number 


Date of Filing 


Status (Patented, Pending, Abandoned) 


| 09/318,500 


May 25, 1999 


Pending 


08/928.972 


September 12, 1997 


Patented 


08/802.130 


February 19, 1997 


Patented 



I hereby appoint the following attorney and/or agents) to prosecute this application and transact all business in the Patent and Trademark Office 
connected therewith. FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER, L.L.P M CUSTOMER NUMBER 22,852, Douglas B. Henderson, 
Reg. No. 20,291; Ford F. Farabow, Jr., Reg. No. 20,630; Arthur S. Garrett, Reg. No. 20,338; Donald R. Dunner, Reg. No. 19.073; Brian G. B runs void, 
Reg. No. 22.593; Tipton D. Jennings, IV. Reg. No. 20.645; Jem/ D. Vdgbt, Reg. No. 23,020; Laurence R- Hefter, Reg. No. 20,827; Kenneth E. Payne, 
Reg. No. 23,098: Herbert H. Minte. Reg. No. 26,691; C, Larry ORourke, Reg. No. 26,014; Albert J. Santoreffi, Reg. No. 22,610; Michael C. Elmer, Reg. 
No. 25,857; Richard H. Smith. Reg. No. 20.609: Stephen L. Peterson. Reg. No. 26.325; John M. Romary, Reg. No. 26.331; Bruce C. Zotter, Reg. No. 
27,680; Dennis P. O'Reilley. Reg. No. 27,932; Allen M. SokaJ, Reg. No. 26,695; Robert D. Bajefsky, Reg. No. 25,387; Richard L. Stroup. Reg. No. 
28^478; David W. Hill. Reg. No. 28.220; Thomas L. Irving, Reg. No. 28.619; Charles E. Upsey. Reg. No. 28,165; Thomas W. Wlnland, Reg. No. 27,605; 
Basil J. Lewris, Reg. No. 28,818; Martin I. Fuchs, Reg. No. 28,508; E. Robert Yoches. Reg. No. 30.120; Barry VY. Graham. Reg. No. 29,924; Susan 
Haberman Griffon, Reg. No. 30.907; Richard B. Racine, Reg. No. 30.415; Thomas H. Jenkins. Reg. No. 30.857; Robert E. Converse, Jr., Reg. No. 
27,432; Clair X. Mullen, Jr., Reg. No. 20,348; Christopher P. Foley, Reg. No. 31,354; John C. Paul. Reg. No. 30,413; Roger D. Taylor, Reg. No. 28,992; 
David M. Kelly, Reg. No. 30.953; Kenneth J. Meyers, Reg. No. 25,146; Carol P. Efnaudi, Reg. No. 32,220; Walter Y. Boyd, Jr., Reg. No. 31,738; Steven 
M. Anzalone, Reg. No. 32,095; Jean B. Fordis, Reg. No. 32,984; Barbara C. McCurdy, Reg. No. 32,120; James K. Hammond, Reg. No. 31,964; Richard 
V. Burgujian, Reg. No. 31,744; J. Michael Jakes, Reg. No. 32,824; Thomas W. Banks, Reg. No. 32.719; Christopher P. Isaac. Reg. No. 32.616; Bryan 
C. Diner, Reg. No. 32,409; M. Paul Barker, Reg. No. 32.013; Andrew Chanho Sonu. Reg. No. 33,457; David S. Forman, Reg. No. 33,694; Vincent P. 
Kovalick, Reg. No. 32,867; James W. Edmondson, Reg. No. 33,871; Michael R. McGurk, Reg. No. 32,045; Joann M. Neth. Reg. No. 36,363; Gerson S. 
Panitch, Reg. No. 33,751; Chert M. Taylor. Reg. No. 33,216; Charles E. Van Horn, Reg. No. 40,266; Unda A. Wadler. Reg. No. 33,218; Jeffrey A 
Berkowitz, Reg. No. 36,743; Michael R. Kelly. Reg. No. 33,921; James B. Monroe, Reg. No. 33.971; Doris Johnson Hines, Reg. No. 34,629; Allen R. 
Jensen, Reg. No. 28.224; Lori Ann Johnson, Reg. No. 34,498; David A. Manspelzer, Reg. No. 37.540; Robert J. Eichelburg, Reg. No. 23,057; Phil N. 
Makrogiannis Reg No P-47 766; and Linda Pingitore, Reg. No. 30.414. Please address all correspondence to FINNEGAN, HENDERSON, 
FARABOW, GARRETT & DUNNER, LLP. 1300 I Street. N.W.. Washington, D.C. 20005. Telephone No. (202) 408-4000. 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on Information and belief are believed 
to be true: and further that these statements were made with the knowledge that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under section 1001 of Title 18 of the United States Code, and that such willful false statements may jeopardize the validity of the 
application or any patent issuing thereon. 



Listing of Inventors on Page 2 hereof. 

FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER, LLP. 



January 2000 



Listing of Inventors From Page 1 hereof. 



Attorney Docket No. 8303.0042-04 



Full Name of First Inventor 
Jonathan D. Zook 


Inventor's Signature 


Date 


Residence 

20303 High Point Race, Santa Clarita, CA 91351 


Citizenship 

United States of America 


Post Office Address 
Same as above 




Fu8 Name of Second Inventor 
Susan E. DeMoss 


Inventor's Signature 




Residence fc 
17420 Van Owen Street #5. Van Nuys, CA 91406 




Citizenship 

United States of America 


Post Office Address 
Same as above 




Fufl Name of Third Inventor 
David W.Jordan 


Inventor's Signature 


Data 


Residence 

10960 Des Moines Avenue. Northridge, CA 91326 


Citizenship 

United States of America 


Post Office Address 
Same as above 


FuD Name of Fourth Inventor 
Chandra B. Rao 


Inventor's Signature 


°*° l+}23fo/ 1 


Residence 

25716 North Player Drive, *T-15, Valencia, CA 91355 


Citizenship 

United States of America 


Post Office Address 
Same as above 


Full Name of Fifth Inventor 
Hakam Singh 


Inventor's Signature * _^ - 7 


Date 


Residence 

706 Winston Avenue. Bradbury, CA 91010 


Citizenship 

United States of America 


Post Office Address 

Same as above v 


Full Name of Sixth Inventor 
| Ahmed Sharaby 




Date 


| Residence 

| 15866 Falcon rim, Canyon Country, CA 91351 >v 


Citizenship 

United States of America 


Post Office Address i 
Same as above 


Full Name of Seventh Inventor 


Inventor's Signature 


Date 


Residence 


Citizenship 


Post Office Address 


Full Name of Eighth Inventor 


Inventor's Signature 


Date 


Residence 


Citizenship 


Post Office Address 



FfNNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER, L.L.P. 



January 2000 




Customer Number 22,852 
Attorney Docket No. 8303.0042-04 



LARATION AND POWER OF ATTORNEY 



As a below named tnventfAlJtiereoy decide that my residence, post office address and citizenship are as stated below next to my name; I believe t 
am the original, first and soterKw p( X'jtJ^ one name is is ted betow) or an original, first, and Joint inventor (If plural names are listed below) of the 
subject matter which is claimed anfrta-which a patent is sought on the Invention entitled: SEALANTS AND POTTING FORMULATIONS MERCAPTO- 
TERMINATED POLYMERS PRODUCED BY THE REACTION OF A POLYTHIOL AND POLYVINYL ETHER MONOMER, the specification of which □ 

Is attached and/or EJ was filed on January 8, 2001, as United States Application Serial No. 08/756.573 or PCT International Application No. 

and was amended on . (If applicable). 

I hereby state that I have reviewed and understand the contents of the above-identified specification, including the claims, as amended by any 
amendment referred to above. I acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR § 1.56. 

I hereby claim foreign priority benefits under 35 U.S.C. § 1 19(aHd) or § 365(b) of any foreign application^) for patent or inventor's certificate or 
§ 365(a) of any PCT international application (s) designating at least one country other than the United States, listed below and have also identified 
betow, any foreign application (s) for patent or inventor's certificate, or any PCT International applications) having a filing date before that of the 
application^) of which priority is claimed: 



h Country 


Application Number 


Date of Filing 


Priority Claimed Under 35 U.S.C. 1 19 


L 






□ YES □ NO 








□ YES □ NO 



I hereby claim the benefit under 35 U.S.C. § 119(e) of any United States provisional appfication(s) listed betow. 



Application Number 


Date of Filing 


60/182.396 


February 14,2000 


60/215,548 


June 30, 2000 



i hereby claim the benefit under 35 U.S.C. § 120 of any United States application^) or § 365(c) of any PCT International applications) designating 
the United States, listed below and, insofar as the subject matter of each of the claims of this application Is not disclosed in the prior United States or 
PCT International applications ) in the manner provided by the first paragraph of 35 U.S.C. § 1 12. 1 acknowledge the duty to disclose information which 
is material to patentability as defined In 37 CFR § 1.56 which became available between the filing date of the prior application^) and the national or PCT 
International fling date of this application: 



Application Number 


Date of Ring 


Status (Patented, Pending, Abandoned) 


09/318,500 


May 25, 1999 


Pending 


08/928,972 


September 12, 1997 


Patented 


08/802,130 


February 19, 1997 


Patented 



I hereby appoint the following attorney and/or agent(s) to prosecute this application and transact all business in the Patent and Trademark Office 
connected therewith. FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER, LLP., CUSTOMER NUMBER 22,852, Douglas B. Henderson, 
Reg. No. 20.291; Ford F. Farabow, Jr., Reg. No. 20,630; Arthur S. Garrett, Reg. No. 20,338; Donald R. Dunner. Reg. No. 19,073; Brian 6. BrunsvoJd, 
Reg. No. 22^593; Tipton D. Jennings, IV, Reg. No. 20,645; Jerry D. Volght, Reg. No. 23,020; Laurence R. Hefter. Reg. No. 20.827; Kenneth E. Payne, 
Reg. No. 23!o98; Herbert H. Mintz, Reg. No. 26,691; C. Larry CRourke, Reg. No. 26,014; Albert J. Santorelll, Reg. No. 22,610; Michael C. Elmer. Reg. 
No 25 857* Richard H. Smith, Reg. No. 20,609; Stephen L. Peterson. Reg. No. 26,325; John M. Romany, Reg. No. 26,331; Bruce C. Zotter, Reg. No. 
27 680; Dennis P. CReilley. Reg. No. 27,932; Allen M. Sokal, Reg. No. 26,695; Robert D. Bajefeky, Reg. No. 25,387; Richard L Stroup, Reg. No. 
2M78; David W. Hill. Reg. No. 28,220; Thomas L Irving, Reg. No. 28.619; Charles E. Upsey, Reg. No. 28,165; Thomas W. Winland. Reg. No. 27,605; 
Basil J. Lewris, Reg. No. 28.818; Martin I. Fuchs, Reg. No. 28.508; E. Robert Yoches, Reg. No. 30,120; Barry W. Graham. Reg. No. 29,924; Susan 
Haberman Griffen, Reg. No. 30.907; Richard B. Racine, Reg. No. 30.415; Thomas H. Jenkins, Reg. No. 30,857; Robert E. Converse, Jr., Reg. No. 
27,432; Clair X. Mullen, Jr., Reg. No. 20.348; Christopher P. Foley, Reg. No. 31 ,354; John C. Paul, Reg. No. 30,413; Roger D. Taylor, Reg. No. 28,992; 
David M. Kelly, Reg. No. 30,953; Kenneth J. Meyers, Reg. No. 25,146; Carol P. Elnaudi, Reg. No. 32,220; Waiter Y. Boyd, Jr., Reg. No. 31.738; Steven 
M. Anzaione, Reg. No. 32.095; Jean B. Fordis, Reg. No. 32.984; Barbara C. McCurdy, Reg. No. 32,120; James K. Hammond, Reg. No. 31,964; Richard 
V. Burgujian, Reg. No. 31,744; J. Michael Jakes, Reg. No. 32,824; Thomas W. Banks, Reg. No. 32,719; Christopher P. Isaac, Reg. No. 32,616; Bryan 
C. Diner, Reg. No. 32,409; M. Paul Barter, Reg. No. 32.013; Andrew Chanho Sonu. Reg. No. 33,457; David S. Forman, Reg. No. 33,694; Vincent P. 
KovaHok', Reg. No. 32,867; James W. Edmondson, Reg. No. 33.871; Michael R. McGurtc Reg. No. 32,045; Joann M. Neth, Reg. No. 36,363; Gerson S. 
Panitch. Reg. No, 33,751; Chert M. Taylor, Reg. No. 33,218; Charles E. Van Horn, Reg. No. 40.266; Linda A. Wadler. Reg. No. 33.218; Jeffrey A. 
Berkowitz. Reg. No. 36,743; Michael R. Kelly, Reg. No. 33,921; James B. Monroe. Reg. No. 33,971; Doris Johnson Hines, Reg. No. 34.629; AJten R 
Jensen. Reg. No. 28,224; Lori Ann Johnson, Reg. No. 34,498; David A. Manspeizer, Reg. No. 37,540; Robert J. Elchelburg, Reg. No. 23,057; Phil N. 
Makrogiannis Reg. No. P-47.766; and Linda Plngitore. Reg. No. 30,414. Please address all correspondence to FINNEGAN, HENDERSON, 
FARABOW, GARRETT & DUNNER, LLP. 1300 I Street, N.W.. Washington. D.C. 20005. Telephone No. (202) 40&4000. 

i hereby declare that all statements made herein of my own knowledge are true and that ail statements made on information and belief are believed 
to be true; and further that these statements were made with the knowledge that willful false statements and the Rke so made are punishable by fine or 
imprisonment, or both, under section 1001 of Title 18 of the United States Code, and that such willful false statements may jeopardize the validity of the 
application or any patent issuing thereon. 



Listing of Inventors on Page 2 hereof. 

FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER, L.L.P. 



January 2000 



Listing of Inventors From Page 1 hereof. Attorney Docket No. 8303.0042-04 



FuB Name of First Inventor 
Jonathan D. Zook 


inventor's Signature 


Date 


Residence 

20303 High Point Race, Santa Ctarib. CA 91351 


Citizenship 

United States of America 


Post Office Address 
Same as above 






Full Name of Second Inventor 
Susan E. DeMoss 


Inventor's Signature 


Date 


Residence 

17420 Van Owen Street. #5. Van Nuys, CA 91406 


Citizenship 

United States of America 


Post Office Address 

Same as above ; 


Full Name of Third Inventor 
David W. Jordan 


Irwe/nor^ Stanatyre 


Date/ / 


Residence n 
10 960 Des Moines Avenue. Northridge, CA 91326 * 


Citizenship 

United States of America 


Post Office Address 
Same as above 




Full Name of Fourth Inventor 
Chandra B. Rao 


Inventor's Signature 


Date 


Residence 

25716 North Player Drive, #T-15, Valencia, CA 91355 


Citizenship 

United States of America 


Post Office Address 
Same as above 




Full Name of Fifth Inventor 
Hakam Singh 


inventor's Signature 


Date 


Residence 

706 Winston Avenue. Bradbury, CA 91010 


Citizenship 

United States of America 


Post Office Address 
Same as above 




FulJ Name of Sixth Inventor 
Ahmed Sharaby 


Inventor's Signature 


Date 


Residence 

1 5866 Falconrim. Canyon Country, CA 91351 


Citizenship 

United States of America 


Post Office Address 
Same as above 




Full Name of Seventh Inventor 

- 


Inventor's Signature 


Date 


Residence 


Citizenship 


Post Office Address 


Full Name of Eighth Inventor 


Inventor's Signature 


Date 


Residence 


Citizenship 


Post Office Address 



FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER, L.L.P. 



January 2000 
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Cuetomer Number 23.882 
Attorney Docket Na 6308.004944 



DECLARATION AND POWER OF ATTORNEY 
As o below famed inventor, I toreby decMra tat my reaKlanpe, p»t office address and dfeenanip an w uated below next to my name; I beeeve I 

a^e^ni^ which la daert* SEALANTS AMD POTTING FORMULATIONS MERCAPTO* 

TERMINATED POLYMERS PRODUCED BY THE REACTION OP A POLYTHIOL AW POLYVINYL ETHER MONOMER, the tpec&caton of «ftfi Q 

brtladwdiiid^Hee^fMotfenJeniav^ 

and mm emend don _0f»**ebial 



I hereby ilen thatl have reviewed and undeatend to comenla erf the abcve-idanfiaed spe^forv hch^ v« dllma. aa amanM by any 
lenarnani referred to above. I edrowtotiea tna duty to disclose infarmaeen which b material io patonfetfty aa denned In 87 CFR f 1.5P, 

I hereby daim foreign prtortty benetta under 38 U8.C. 1 1 i 9|eM4 or 8 365(b) of any ferefpn eppics tenia) for patent or 
I Mevpi 3 any PCT MeineSqnei 



eivernora ccraaoeai or 
octow and nave aeelde nd eed 



below inylweto w8attorHa)tef pae^crfcw^^ 
appscsdonts) of which priori* * ctaene* 



Country 


Applcelon NianDet 


DataoiFenp 


Priority dstnod vWer IS U8.d 1 19 








□ YES O »ib 








□ re* O *5 — ■ 



I hereby ctaim ma oenefli under 38 U.S.C f 119(e) oi any Unltad state* provWonaj apcflcaflon(i) Sated Dakar. 



AppBeaeen kmber 


DaiaotFBtna 


wbJub 


February 14,2000 


[schism 


June8Q,20Q0 



I hereby cuum the benefit under 38 U-8X. 1 120 of eny Unfted Sfetea appii<s&Ort{l) Of 1 365(c) of any PCT tntemaBonei apptettton(s) c 
the lSST Stetee toted below er*s*c^ a* t*sub)edm^ 
PCT international appHcattonfe) in the manner provided by to 8/el paragraph ot 38 U&C. 1 1 12, 1 scfcnowtedpe 8»e duly Id dkdoee feftforrneion uhtch 
tar^tetaltopaten^^ 
internettanel nong date of trie r — 



~ * Application Number 


"TetooJTSRo 


Stotus (Patareed, Pandas Abandoned) 


ootisjsoo 






08«6,872 


September 12, 1997 ™ 




oa/ooFiS 


rHtnwyie.i997 


Peiamed ~" 



\ harebv ©oooint th$ toBowinp ettofnay endAor aoonift) to prosecute thia appficstfon and transect al bu&jnesa in (he Pssmt end Tiedameik OfBoa 
JirS^^l^tGM. HENDERSON, FARABOW. GARRETT S DUNNER, U-P^ CUSTOMER NUMBER 22,88* Doutfee B. Henoareen. 

Red ■ Ford F. Farabow. Jr.. Rep. Ma 20.630; Arthur S. Garrett Rep. No. 20,33* Donald R. Ourmr, Rep. No, 19,073; Brian G. Brunavoej, 
Rat No* 225W. : Tipton O. Jennmps, rV. Rep, No. 20,648; Jerry O. Voight, Rep. No. 23,020: Laurence R. Hater , Rep. No, 20,627; Kenneth E. Peyne, 
No. 23 0» : wirbert R KftnB, Rap. No. 26,891; C Larry CTRourke, Ree. No. 26,014; Albert J. SantomM, Ree. Na 22,610; MWwel.C. Bmer. Rep, 




^mJ« TSfejTReD. No. 30.907: Richard 9, Ridna, Rap. No. 30,41 6; Thomas H. Jenum, Rep. No. 30^87; Robert E. Converse, Jr H Rep. Na 

David k Kafly. Rap. No. : 
M. Anzalene, Rep. No. 32,0 





p*^*EV*r3S.7S1: Chaff M, Taylor. Rap. No, 83.218; Cherlea C Yen Horn, Rep. No. 40J266: Linda A. Weoter, Rep, Na 33218; Jofftey K 
^^o^^a36743; Michael FLKtfly. Rep Na 33,921; Jemee B. Monroe, Rep. Na SMM: Dona Johnson HtnoY Rao. No. 34.629: AAen R. 
j^Z- r^ko, 23,224; tort Arm Joht*m, Rep. N^ 34.498; David AJjjenajpe Ji ji, Ba y Ne . .17. M 6, ftn oW J. kichetourp, riep, NoTZSflgfcFM N. 
^StenSl Rea N P4T 766; end UrmiStfB'e^ corraapondence lo FINNECAN, HENDERSOnTS, 
^2S!e w^5^^ ^kn CiC. 20008, Teiephcna Na f2Q2)40»4O00. ^ 

T hmbv oacipre met ell statftmens made hmrti ol my own fcncwtadpa are (ma and lhat bD atatementt made on Informadon and betel ere believed 
to be uue- end further that fteee edteminti ware made wt* tna knewtedQ* lhel w5«W Mm etatemento er^ 
l^onm^a b^, under aactten 1001 of Tile 18 of the United States Coda, and that aeon e4iirui tola. , 

appilcaiicn or any patent Usui* *«*ea ZOOK EXHIBIT 1010 

Uittnp of trwenton on Pepe 2 hereof. Zook V. Zook 

FINNECAN. HENDERSON, FARABOW, GARRETT ft DUNNER Interference No. 105,555 (MPT) 



Receh*fc25*i».0l 07:23 PM From: 65064966^* 
APR 25 2081 17*28 FR FINN^W 



0:6013406449 
HENDERSON 
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DECLARATION AND POWER OF ATTORNEY 



Attorney OadcetNe. 630340*244 



As a below named inventor, I hereby dedaii ft* my teeidenoa. poet office adorete and cfi&mr* aie BtlOM below next to my nm; I 
an,taoHoirtoL.^et*ictotTVBf^ 

«*Wn**^ SEALANT* AND POTTING FORMULATIONS MERCAPTO- 

TuKftNATSD POLYMERS PRODUCED BY THE REACTION Of A POLYTHICl AND POLYVINYL ETHER MONOMER, f» tptcftcato of Q 

tosttadhoda^BwuMon^ni^ 

and waa amend Ofaodteafcial 

I hereby sta» 9nl I have reviewed and undented t» ©omenta ct fha ebove-idtnfifted specification, tafuolna; tha daime, aa emended fey any 
*rr*ncrnerrt referred to above. I ackrorvtoqge Vto duy to diectaee inxxmaOon which b metorief to patontabBbr aa defined In 37 CPR 1 1«60» 

lhe«bydaim*^pito*yc^^ 
13661a) 5 any PCTiwtafnaaonal ijyllcifiotX*)oe*lgr»nr^ ^ 
below ^ipryky »pjtotoi(a)fbrpatantof* 
' i)cfi>Mehpr4of^tocta)mad: 



County 


AppBcaaon Number 


Data of FianQ 


PftorttyCtatned Under 38 lisi* 116 " 








□ YEi 0 no' 1 " ' " 








□ YEiO w 



I hereby dam the &eneil uno* 30 USX. 1 1 i9(e)of any Untied Sate* pmiiHontf oppfcaOonMlaMbalOK 



™ Application Number 


Dan of ftono 


twaajoB 










AppRcalton Ngmoer 




Stotue (Pet»ntad, iWmc Abandoned) Tj 


UOTilflOO 


May 26, 1996 1 




06^928,673 


September 12, 1997 




ovec&iSJ 


Fttnvy ".1997 


rawnao 



i h»fibv roooci the Mowing attorney incvw aoentfa) to pxsecute application and trsrwad afl buaine** In the Pttenl cm Tredemert Of«ee 
^^SLd mSw»LlFIMNEOAK. HENDERSON, FARA60W, GAARETT ft DUNN EN. U_l»., CUSTOMER NUMBER 22*82, OOUgtM Henderaoo. 
STmb soS" • Fort F. Ferabow. Jr., Reg. Nt*. 20.630: Arthur 8. GarrM. Rao. No. 20338: Donelfl R. Ounner. Rag. No. 10*73; Brian G. Brurovotd. 

No' 22SW: Ttetenb. Jsnrinoa. IV. Reg. No. 20,645: Jeny 0. VcJgW. Rag. No. 23,020: Laurence R, Heher. Reg. No. 20,627; Kenne* B. Payne, 
r£ no 23 099- Krt a MfltfcReg. No. 26,681: C LsnyO-RourV., Rap. No. 26.014; Albert J. SartotaB, Rag. NO. 22,610: MchaaJ.C. Bauer. Reg, 
^Jai^RWwoK Smtt. Rao. No. 20,600: Stephen L Peterson, Rao- No. 26.325: John M. Romaiy. Reg. No. 20*31: Bruea a Zonw.-Reg. No. 
M'ffl«'D*^rpOT«^RoaV 27.932; Aflar) M. SoW, Rag. No. 26,69* Robert D. Bajettfty. Rag. No. 25.367; Rlenaia L Stoup. Reg. No. 
SuTfr ^vu w « Rao. NoSwaft Tftomaa t imno, Rag. No. 26.61 0: Chartee E. upaay. Rag. No 26.168: Thomas W. WWend, Rag. NO. 27,603? 
Bad I J S^^NoTafllB: Martin I. Fuoha. Rag. No. 26,606; t Rocart Yochea. Rig. No. 30.120: Bom M. . ©ahjm, ^gj*. 2M8J: Sum 
SS^n GrfR^^Na30^07; Wchart B. R*<*a, Rag- No. 30^1 6; Thomaa H. Janttn*. Rag. No. X,687; Roban t carweraa, Jr, Rag. No. 
^KS^XJ**ai jr tafc ».3*»: CnrtHopnarP. Poiay. Rag. No 31.364; Jphn C Paul. Rag. No. 30.413: Roger D. Taylor. Rag. No. 28,002: 

27,122, CUt A MUUin. J'-, ^ J~ * ' , iiumTbu u. -Xft iJC r cmi O Rn.ua Dm Mn .13 770- WilW V RcMl Rml Mb. 31.738! SImm 



r >,J/bLi^ S2^0O jE Paul earttaf. Rag. No. 32,013: Andraw Chanho Senu, Rao. No. 33.467: DavK) S. Foiman. Reg. No. 5*604; Vfewenlf . 
*JT£ n«a Ne aa 667' Jstmo W. Edmandson, Raj. No. 33,671 ; Michael R. MtSurtt, Rag. No. 33.046; Joam M. NaOl Rs» No. 36.363; Oonon 8. 
^^R«'rto"^7Sva^1M. loner. Rag. No, 33J16; ChaHaa B. Van Horn. Rag. No 40.266: Unoa A. Wtodlar. Rag. No. 33 Jeflrty A. 

R^o36°74yMd»el FtKally. Rag. No 33321: Jamaa B. Monroe, Rag. No. 33.071; Porta Johnton Hiaaa Rap. No. 34626: Alert H 
tonwTjohaaon ^RagTNo.- 34.406; DajdAvManjtgitai Hag M» 07 fi«n FtnfWl J. hlchalou^, jftg. NO. 23^Pnl N. 
Mtoo^ntl H luTlSr art UnoftlS teiai I H» Mu.VuT < I r P iwaa addtaai all cowaapondanoa to FIWNEGAN. HINDERS OK 



1300 1 Swat N.W, Washington. D.C. 20009. Telephone No. (202)406-4000. 




ThMM/ aaciare that ill stawmeno made herein of my own knowtedoe are kua and that all slatamena made on IntontiaSon and baBafara baOawd 
^.mTtrtiif that Oiese tmrnnmu wwe man *«f> ma hnowladgB tiat *0IM «riaa italamenb and the Eke aa made are punithaMa by Ino or 
« ^ mnm> ^aadlon 1 001 of TUe 18 of the United Statee Coda, and Out anon wUlul fate alaiemanB may Jeopardize Ota validity of Ilia 
application or any patent twutng I 



LOOng of uwantore on Page 2 hemof. 

FINNEGAN, HENDERSON, FARADOW. GARRETT ft DUNNER. L.L.P. 



January 2000 



Receive* 25^.01 07:23 PM Frtm 65084 866^Jo: 801 3408440 Get fax s by^aulL Fre*. &f*xx m Page: 

apr 25 aeei 17:20 fr finneW Henderson ese 849 bb66 TcVai340S449 p.e? 

Uee^eJlnvei^ From Pw Thereof. ^ ^ Attorney Oocktt Ho. Q903.00424M 



Ftdl N«n» of Firti invimar 
Jonathan 0.2ooa 




9 m f 


ReatOtftOO / / I J 
20303 Ki^PdW Place, SwtiC2wti f CA 01361 ^/ ^ 


UnJa*Staiae of America 


Peat Office Addieae 
Same aa above 




Put Name of Second inwfcr 
SuaanL D«Moaa 




Sole ^ 


Reafdanee 

17430 Ven OwmSMA Van Nup,CA 01406 


botenanlp 

UntadStm of America 


PoetomceAddreee 
Same as above 




FulNamacfThWmvenw 
David W.Jordan 


| tnvcntBf*e 3 Iq nature 


Dale 


lOOttOee Moine* A wua^ NorWdoa, 01330 




Poet one* Addreeo 
Same as above 


• 


Fttf Netne of Fourth inventor 
ChsndreB. Rao 


| inventrt Sionatuia 


Dele 


CTilTtor* Player Drive, fM* Vaianda. CA 0i3» 


wao oshbb ai AmencB 


PoeicmceA^a, 
5amaaa above 




Fufl Name of FWh Inverter i 
Hakam Singh 


iniweBre Siafioeao 




Rcflkjanoa 

706 WW* Avenue, BiadbuVt CA 01010 


dajmiae? 

Unaad Saaaa of America 


PoatomoiAdcMB 
Sameaifbove 




Fu»NimecfSWhtnv»nior I 
Ahmed Sharaby 


tovamofa Siowtura 




Raaioanot 

iSeoOFatootvinv Canyon Carty.CA 01301 


Unftad fibuaaaf Amata 

WWW* HIWM 


VcetflfleeAddieea 
Seme ae above 




FuU Mama of $avanm invarrtor 


Inventor* Sajnetuie 


Data 


Residence 


BEeniHp 


ToarC6e*Addfoaa 




f ufl Name oft^ "nvartttf 


Inventor* Stonatum 


Dan 


Reeieenee 


"5S53S5 1 


f>oat 6fftoe Addreas 



FJNNEGAN, HEH0ER60W, FAAA*OW, CARROT 4 DUN«* t.LP. 



January 2000 



Custom* Number 22.852 
Attorney Docket No. 8303.0042-04 



DECLARATION AND POWER OF ATTORNEY 



As m below named frrvenl r I hereby declare that my reskJenct, pest office address and dfizenshtp are es stated bHow next to my name; I beleve I 
■mlhaah^fir^^ 

bdeim d end for which a patent is sought on tte Invention entibed: SEALANTS AND POTTING FORMULATIONS MERCAPTO- 
^^MATTED POLYMERS PRODUCED BY THE REACTION OF A POLYTHIOL AND POLYVINYL ETHER MONOMER the specftetton of whJoh □ 

b atoched andta B was filed on January 6, 2001, as United Slates Application Sena! No. 09/766,573 or PCT International Appflcatton Na 

and ms amended on. (H apctobie). 



I hereby state that I have reviewed and understand the contents of the above-Identified specification, inducing the dafrns, as amended by any 
amendment referred to above. I acknowledge the duty to dfcdose Information which is material to patentabBfy as defined m 37 CPR § 1A 

I hereby dalm foreign priority benefits under 35 U.S.C § 119(aXd) or § 365(b) of any foreign applcation(s) for patent or Inv 
6 365ta)of any PCT intemafioral appteattanfr) designa^ * 

below any foreign app*cafion(a) for patent or inventor* certificate, or any PCT International appfication<s) having a fiDng date t 
appiicalortfr) of which priority is daimed: 



a^WertWed 



County 


Application Number 


Date of Ffflng 


Priority Claimed Under 35 U.S.C 119 








□ YES □ NO 








□ YES □ NO 



I hereby ctoeti the benefit under 35 U.S.C § 119(e) ot any United States provisional applicators) listed below: 





Date of Fwng 


607152.396 


February 14. 2000 


60V21W46 "| 


June 30, 2000 



l hereby daim the beneit under 35 U.S.C f 120 of any United States appBcattorKa) or § 365(c) of any PCT international eppicaion(s) designating 
tfJiVitad i states listed below and, insofar as (he subject matter of each of ihe claims of mis application is not dsctased In the prior United States or 
pct ^^toS'aDoficatloTMs) m the manner provided by the fast paragraph of 35 U.S.C. § 112, 1 acknowledge the duty to dbctoee Wormatlon which 
IsTnatenal to patentability aa defined m 37 CFR $ 1.56 which became available between the fiDng dale of me prior appBcaflorKa) and the national or PCT 
International IBng date of this appficattorc 



* <a ^^^ = ™App6c8fion Number 


Date of FKng 


Statue (Patented, Pending. Abandoned) 


0031*900 


May 26,1899 


Pending 


08/92O972 


September 12. 1997 


Patented 


15502,130 


February 19. 1997 


Patented 



i horphv nnnoint the followino attorney and/or agent(s) to prosecute this application and transact a* business in the Patent and Trademark Office 
cJJ^^^e^ FINNEGAN. HENDERSON, FARABOW, GARRETT & DUNNER, ULJ». CUSTOMER NUMBER 22332, Dougias B. Henderson. 
SmNo 20.291- Ford F Farabow. Jr., Reg. No. 20,630; Arthur S. Garrett. Reg. No. 20,338: Donald R. Dunrter, Reg. Na 19.073; Brian G. Brumvold, 
p-n' No 22 593: Ttoton D. Jennings, IV, Reg. No. 20,645; Jerry D. Vdght, Reg. No. 23,020; Laurence R. Hefter, Reg. No. 20,627; Kenneth E. Payne. 




^^a^AAtS ^ Reg. No. 20.346; Christopher p: Foley, Reg. No. 31.354; John C Paul, Reg. No. 30.413; Roger D. Taylor, Reg. Na 28.992; 




p nS?S<L No' 32 409* M. Paul Barker, Reg. Na~32.0l3; Andrew Chanho Sonu, Reg. No. 33,457; David S. Forman, Reg. Na 33,694; Vincent P. 
KrZM Rao Na 32*B67 : James W. Edmondson, Reg. No. 33.871; Michael R. McGurk. Reg. No. 32.045; Joann M. Neth. Reg. No. 36.363; Gerson S. 
p^^Rm "no 33 751; Cherl M. Taylor. Reg, No. 33,216; Charles E. Van Horn, Reg. No. 40.266; Linda A. Wadter, Reg. Na 33.218; Jeffrey A. 
n«rt.fl2fe r m ria 36.743; Michael R. Kelly, Reg. No. 33.921; James B. Monroe, Reg. No. 33.971; Doris Johnson Hines, Reg. No. 34.629; Allen R. 
7on«InRe<i No 28.224- Lorl Ann Johnson, Reg. No. 34,498; David A. Manspeizer. Reg. Na 37,540; Robert J. Elcheiburg, Reg. Na 23.057; Phi N, 
MTrMiannta Rea No P-47.766; and Linda Pingftore, Reg. No. 30.414. Please address all correspondence to FINNEGAN. HENDERSON, 
FARROW GARRETT 4 DUNNER, L.L.P. 1300 1 Street, N.W., Washington. D.C. 20005. Telephone No. (202) 4064000. 

I hereby declare that al statements made herein of my own knowledge are true and that all statements made on information and belef are beflev d 
to be true' and further that these statements were made with the knowledge that willful false statements and the like so made are punishable by fine r 
imprisonment, or both, under section 1001 of Trie 18 of the United States Code, and thai such wfltful false statements may jeopardize Ihe validly of th 
application or any patent Issuing thereon. 



Listing of Inventors on Page 2 hereof. 

FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER, LLP. 



January 2000 



* Listing of Inventor* From Pag 1 hereof. 



Attorney Docket No. 8303.0042-04 



FuB Name of First Invent r 
«l nathan&Z 0* 


Inventors Signature 


Dale '| 


20303 rtflh Point Ptac*. Santa CHrtta, CA 91351 


Citizenship 

United Stefct of America 


Post Office Address 
Sam as aba* 




Fufl Nairn of Second inventor 
Susan E. DeMoes 


inventory Signature 




Residence ' 
17420 V^O^Stre*i,#* Van Nuys,CA 91406 




CMKensh^T 

UnhedStataeofAm rice 


Post Office Address 
Same as above 




Fufl Name of Third Inventor 
David W.Jordan 


Jnventortj Signature 


Data 


Residence 

10960 Des Moines Avenue, Ncrthridoe, CA 91326 


United States of America 


Post Office Address 
Same as above 


Fufl Name of Fourth Inventor 
Chandra B. Rao 


(nventafr Signature 


°°* *t)»|o| 


Residence ~ 
25716 North Player Drive. 9T-15. Vatencto. CA 01336 


Clfe.nshfo 

United States of America 


Post Office Address 
Same as above 


Fuf Name of FHth Inventor . 
Hakam Singh 


Inventor's Signature - * / 


Dale T ~ c f 


Residence " 
706 Winston Avenue. Bradbury, CA 91010 


CttzensMp 

United States of Anwrtei 


Post Office Address 

Same aa above v 


Fufl Name of Sixth Inventor 
Ahmed Sharaby 






l^^FSccnrtm, Canyon Country, CA 91361 \. 


CNbenshs? 

United States of Amerke 


Post Office Address 
Same as above 


Full Name of Seventh Inventor 


inventor's Signature 


Date 


Residence 


Citizenship 


Post Office Address 


Full Name of Eighth Inventor f 


Inventor's Signature 


Date 


Residence 


Cifi2enshtp 


Post Office Address J 



FINNEGAN, HENDERSON, FARAfiOW, GARRETT A DUNNER. LLP. 



January 2000 



Customer Number 22.852 
Attorney Docket No. 6303.0042-04 



DECLARATION AND POWER OF ATTORNEY 

As a below named Inventor. I hereby declare that my residence, poet office address and cffizenstup are as stated below next to my name; I beitve I 

3s7whtan to claimed end for which a patent is sought on the invention entitled: SEALANTS AND POTTING FORMULATIONS MERCAPTO- 
tfp^NATED ToLYMERS PRODUCED BY THE REACTION Of A POLYTHIOL AND POLYVINYL ETHER MONOMER, the speculation of whJch □ 

I ^ched ano^H was (Bed on January 8, 2001, as United Stales Application Serial No. 0*756,573 a PCT InternatoeJ Appfcafion Ho. 

and was amended on (Happtcabl % 



h«f ebv stale that I have reviewed and understand the contents of the aboveHdentified specification, including the daims, as amended by any 
>nrtm»nt referred to above. I acknowledge the duty to disclose information which b material to patentability as defined in 37 CFR § 1.56. 



amendment referred to above. I acknowledge the duty to 

I K^ebv data forekm priority benefits under 35 U.S.C § H9(aHd) or § 365(b) of any foreign apptetfan<i) tor patent or 
c asSTof am? PCT Mematkma* appficatkm(s) designating at least one country other than the United States. Bated below and 
betow artyforeicfi apptationfs) «or patent or invented certificate, a any PCT Interna***! apptotfenfs) having a fifing dale t 
application*) of which prtortty is claimed: 



oenHcafle or 
stsokfemHed 

that of the 



Country 


Application Number 


Date ol FSng 


Priority CSaimed Under 35 US.C 119 








□ YES □ N6 








d YES □ N6 



I hereby daim ttie benefit under 35 U.S.C. § 119(e) of any United States provisional appOcaton(s) Hsted below: 



t 1T Appfication Number 


Date of RBng 

_______ . 


160/182.396 




607215£48 


June X, 2000 



I herebv daim the benefl under 35 U.S.C. § 120 of any United States appflcaSonCs) or § 365(c)of any PCT ... — _ 
ih. Un^Stotelteled below and, Insofar as the subjed matter of each of a» data 
^ ln^na^fa^-*)n(») m the manner provided by the first paragraph of 35 U.S.C. § 1 12. 1 acknowledge the duty to disclose We 
to TO^Ite pa n_b«ty as defined in 37 CF R § 1 .56 which became available between the nfing date d the prior a pplca too<a) and the 
International fling date of «s application; 



r 

lid 
or PCT 



ApcJicatton Numoer 


Date of Filing 


Status (Patented, Pending, Abandoned) 


OMIeVSOO 


May 26, 1999 


Pending — 


08/928,972 


September 1% 1997 


Patented 


08/602.130 


February 19, 1997 


Patented 



i K-mhv anooint the following attorney encVor agentfs) to prosecute thfs appfeafton and transact att business In (he Patent and Trademar* Office 
iJi^ed theSSttl FINNEGAN, HENDERSON, FARABOW, GARRETT 8 DUNNER, LLP., CUSTOMER NUMBER 22.B52, Douglas B. Hend rson, 
r*oI*l 20.291- Ford F Farabow. Jr., Reg. Na 20,630; Arthur S. Garrett, Reg. No. 20,338; Donald R. Dunner, Reg. No. 19,073; Brian G. Brunsvdd, 
r2' no* 22 593 : Tiotonb Jennings, IV, Reg. Na 20.545; Jerry D. Vdght, Reg. No. 23,020; Laurence R. Hefter. Reg. Na 20,827: Kerwefh E. Payn . 
kto _u_& Herbert H Mintz. Reg. No. 26.691; C. Larry 0*Roun\e. Reg. Na 26,014; Albert J. Santorelfi, Reg. Na 22,610; Michael C. Elmer. Reg. 



Don No 23 098: Heroen n. motc new. w. ^. whj ^ nu W ^, ^ *v,w.-», .w. ^« r^*. 

w« o«i j»7- Richard K SmRh Reg. No. 20.609: Stephen L Peterson, Reg. No. 26,325, John M. Rorrwry. Reg. No. 26,331; Bruce C. Zotter, Reg. Na 
nm&arikP O-Reffley Reg. No. 27.932: Allen M. Sokai. Reg. Na 26.695; Robert O. Bajetsky, Reg. No. 25,387; Richard L Stroup, Reg. N . 




r2' no* 32*867- James W. Edmondson, Reg. No. 33.671; Michaef R. McGurk. Reg. No. 32,045; Joann M. Nefh, Reg. Na 36,363; Gerson S. 
pSrm'nVm 751- Cheri M. Taylor, Reg. No. 33.216; Charles E. Van Horn, Reg. No. 40.266; Linda A. Wadler. Reg. No. 33.218; Jeffrey A. 
ftpAmlte Reo No 36 743' Michael R. Kelly. Reg. Na 33.921; James B. Monroe. Reg. No. 33.971 ; Doris Johnson Hines, Reg. No. 34.629: Alien R. 
ion«T Rea Ho 28 224* Lorl Ann Johnson, Reg. Na 34.498; David A. Manspe&er. Reg. No. 37.540; Robert J. Elchelburg, R g. Na 23,057; Phfi N. 
M^iannte Reo No. P47.766: and Linda RngHore. Reg. No. 30.414. Please address all correspondence to FIN MEG AN, HENDERSON, 
FARiSo^GARRETT 5 DUNNER, L.LP. 1300 1 Street. N.W., Washington, O.C. 20006. Telephone No. (202) 40&400Q. 

I hereby dedare that all statements made herein of my own knowledge are true and that all statements made on information and belief are beflev d 
to be true* and further that these statements were made with the knowledge that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under section 1001 of Title 18 of the United States Code, and that such wilrlut false statements may Jeopardize the validity of the 
application or any patent Issuing thereon. 

Listing of Inventors on Page 2 hereof. 

January 2000 

nwwFCAN HFNDERSON. FARABOW, GARRETT & DUNNER, LLP. 



Usting of Inventon From Pag 1 her of . Attorney Docket No, 6303.0042-04 



Fid Name of First Inventor 
Jonathan D. Zoo* 


I Inventor* Signature 


Date 


Residence 

20303 HJoh Point Ptoce, Santa Cterfta.CA 91331 


Citizenship 

United States of America 


Post Office Address 
Samessibove 




Fuf Name of Second mventor 
Susen E. DeMoss 


Inventor's Signature 

! * 


bast 


Residence 

17420 Van Owen Street. #5. Van Nuye, CA 01406 


Citizens!* 

United States of America 


Post Office Address 
Seme as above 




Fufl Name of Third Inventor 
David W.Jordan 






Residence M 
l0960DesMofc«Avwuie,NcrtMdge,CA 91326 ff 


utaensnsj) 

United States of America 


Post Office Address 
Same as above 


FuO Name of Fourth Inventor 
Chandra B. Reo 


I*"™" 


Dale 


Residence 

25716 North Player Drive, ST.15, Valencia. CA 91365 


Citizenship 

United Stales of America 


Post Office Address 
Seme as above 


Ful Name of Fifth Inventor 
Haftam Singh 


Inventor 4 ! Signature 


Date ^ w ~ 


Residence 

706 Winston Avenue, Bradbury. CA 91010 


QSzenahfp 

Unfted State* of America 


Post Office Address 
Same as above 




Fuf Name of Sbdh Inventor 
Ahmed 8 hereby 


Inventor*! Signature 


Date 


Residence 

15666 Falconrlm. Canyon Country. CA 91351 


Cttzenshtp 

United States of America 


Post Office Address 
I Seme as above 


|Tufl Name of Seventh inventor j 


Inventor's Signature 


Date 


Residence 


Citizenship 


Post Office Address 


FuO Nam of ElQhth Inventor 


inventor's Signature 


Date 


Residence 


Citizenship 


Post Office Address 



nw RARRETT 6 DUNNER. L.LP. 



January 2000 



iillMlllHIMllIll 

US006509418B1 

(12) United States Patent (io> Patent No.: us 6,509,418 bi 

ZooketaL (45) Date of Patent: ♦Jan. 21,2003 



(54) SEALANTS AND POTTING FORMULATIONS 
INCLUDING MERCAPTO-TERMINATED 
POLYMERS PRODUCED BY THE 
REACTION OF A POLYTHIOL AND 
POLYVINYL ETHER MONOMER 

(75) Inventors: Jonathan D. Zook, Santa Clariti, CA 
(US); Susan E. DeMoss, Van Nuys, CA 
(US); David W. Jortian, Northridge, 
CA (US); Chandra B. Rao, Valencia, 
CA (US); Hakam Singh, Bradbury, CA 
(US); Ahmed Sharaby, Canyon 
Country, CA (US) 

(73) Assignee: PRC-DeSoto International, Inc, 
Gleodale. CA(US) 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 82 days. 

This patent is subject to a terminal dis- 
claimer. 

(21) Appl. No.: 09/756,573 

(22) Filed: Jan. 8, 2001 

Related VS. Application Data 

(63) Continuation-in-part of application No. 08^28,972, filed on 
Sep. 12, 1997, now Pat No. 6,172,179, which is a continu- 
ation-in-part of application No. 08/802,130, filed on Feb. 19, 
1997, now Pat No. 5,912319, application No. 09/756,573, 
which is a continuation-in-part of application No. 09/318, 
500, filed on May 25, 1999, now Pat No. 6,232,401, which 
is a division of application No. 08/802,130, filed on Feb. 19, 
1997, now Pat No. 5,912^19, application No. 09/756,573 

(60) Provisional application No. 60/215,548, filed on Jim. 30, 
2000, and provisional application No. 60/182,396, filed on 
Feb. 14, 200<X 

(51) InLCI. 7 C08L 41/00; C08G 75/00 

(52) U.S. CL 525/212; 525/328.5; 525/328.9; 

528/376; 528/373 

(58) Field of Search 525/212, 3285, 

525/328.9; 528/376, 373 



(56) References Cited 

U.S. PATENT DOCUMENTS 



3^06,626 
3,697,402 
3,725,229 
3,734,968 
4,366,307 
4,609,762 
5,225,472 
5,516,455 
5,912,319 
6,172,179 Bl 
6^72349 B2 



A 
A 
A 
A 
A 
A 
A 
A 
A 



4/1970 
1CV1972 
4/1973 
5/1973 
12/1982 
9/1986 
7/1993 
5/1996 
671999 
1/2001 
4/2002 



Warner et al. 
Kebr etal. 
Kehr et al. 
Hickner 
Singh et al. 
Morris et al. 
Cameron et al. 
Jacob in e et al. 
Zook et al. 
Zook et al. 
DeMoss et al. . 



525/212 



EP 



FOREIGN PATENT DOCUMENTS 
0 552 550 A2 7/1993 
OTHER PUBLICATIONS 



Kkmm, E. et al., 1991, J. Macromol. Sci-Cbem, A28(9), 
875^883. 

Nuyken, O. et al., 1990, Makromol, Cheat, Rapid Commun. 
11, 365-373. 

Ameduri, B. et al., 1991, Polymer Bulletin 26, 377-382. 
Klemm, E. et al., 1985, Chemical Abstracts 103:197058z. 
Yamaguchi, K. et al., 1973, Polymer, 14:87-90. 

(List continued on next page.) 

Primary Examiner— Due Truong 

(74) Attorney, Agent, or Firm — Finnegan, Henderson, 
Farabow, Garrett & Dunner, L.L.P. 



(57) 



ABSTRACT 



Sealant and potting formulations are provided which are 
prepared from components including ungelled mercapto- 
terminated polymers) prepared by reacting react ants com- 
prising polyvinyl ether monomers) and polythiol material 
(s); curing agent(s) reactive with a mercapto group of the 
mercapto- terminated polymer, and additive(s) selected from 
the group consisting of fillers, adhesion promoters, plasti- 
cizers and catalysts. 
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SEALANTS AND POTTING FORMULATIONS have multiple — S— S— linkages in the polymer backbones 

INCLUDING MERCAPTO -TERMINATED which result in compromised thermal resistance. In the 

POLYMERS PRODUCED BY THE polymers of Singh et al., U.S. Pat. No. 4,366,307, enhanced 

REACTION OF A POLYTHIOL AND thermal stability is achieved through replacement of polysul- 

POLYVINYL ETHER MONOMER 5 fide linkages with polythioether (— S— ) linkages. However, 

the thermal resistance of these polythiocthers is limited as a 

CROSS-REFERENCE TO RELATED result of residual acid condensation catalyst. 

APPLICATIONS Morris et al, U.S. Pat. No. 4,609,762, describes reacting 

This application is a continuation-in-part of U.S. patent n dit ! lio 1 ls s^^ry or tertiary alcohols to afford liquid 

application Ser. No. 08/928,972 filed Sep. 12, 1997 now 10 pdythioethers having no oxygen in the polymeric backbone. 

U.S. Pat. No. 6,172,179, which is a continuation-in-part of Cured polymeric materials formed from these polymers 

Ser. No. 08/802/130, filed Feb. 19, 1997 now U.S. Pat. No havc dls * dvanla 8 c ' of rcduccd ^ resistance 

5,912319. Also, this application is a continuation-in-part of duc 10 *? mmb ? 2 **** mCthyI gr0UpS mal arc 

U S. patent application Ser. No. 09/318,500 filed May 25. In disclosed process generates unde- 

1999 now U.S. Pat. No. 6,232,401 which is a division of Ser. 15 suable aqueous aadic waste. 

No. 08/802,130, filed Feb. 19, 1997 now U.S. Pat. No. Cameron, US. Pat. No. 5,225,472, discloses production 

5,912319. This application also claims the benefit of U.S. of polythioether polymers by the acid-cataly2cd condensa- 

provisional application No. 60/182,396 filed Feb. 14, 2000 don of ^thiols with active carbonyl compounds such as 

and U.S. provisional application No. 60/215,548 filed Jun. HCOOH. Again, this process generates undesirable aqueous 

30, 2000. 20 acidic waste. 

The addition polymerization of aromatic or aliphatic 

FIELD OF THE INVENTION dithiols with diene monomers has been described in the 

t- , . , . 4 . . literature. See, e.g., Klemm, E. et al., J. MacromoL ScL- 

The present invention relates to a sealant or potting rUmt% A to/to tl fiTcoui nooiv m,..j n - i 

f^n prepared from a n*ma^ M 2&-^ 

produced by the reaction of polythtol(s) and polyvinyl ether However, neither KkmS et al. norNuyken suggest selection 

toVB * 800d lCmpCfalUrC <> f P^rticu^ starting materials to form a polymer that is 

flexibility and fuel resistance. liquid at room temperature and, upon curing has excellent 

BACKGROUND OF THE INVENTION 30 kw-temperature ^^.0°^ T J ^ resistance to 

fuels, te., hydrocarbon fluids. Nor do Klemm et al. suggest 

Commercially available polymeric materials which have production of a polymer that also is curable at room or lower 

sufficient sulfur content to exhibit desirable sealing and fuel temperatures. Moreover, the reactions disclosed by Klemm 

resistance properties for aerospace sealants and electrical et aL also generate undesirable cyclic byproducts, 

potting compounds are the polysulfide polyformal polymers 35 There exists a need in the art for sealant, coating and 

described, e.g., in U.S. Pat. No. 2,466,963, and the alkyl side electrical potting formulations or compositions that can 

chain containing polythioether polyether polymers provide good pot life as well as good performance 

described, e.g., in U.S. Pat. No. 4366307 to Singh et al. properties, such as fuel resistance, flexural strength, thermal 

Materials useful in this context also have the desirable resistance and longevity in use. 

properties of low temperature flexibility characterized by a ^ 

low glass transition temperature (TJ and liquidity at room SUMMARY OF THE INVENTION 

temperature. The present invention provides a sealant or potting for- 

An additional desirable combination of properties for mulation prepared from components comprising (a) at least 

aerospace sealants which is much more difficult to obtain is onc ungeUed mercap to- terminated polymer prepared by 

the combination of long application time (i.e., the time 45 reacting reactants comprising at least one polyvinyl ether 

during which the sealant remains usable) and short curing monomer and at least one polythiol material; (b) at least one 

time (the time required to reach a predetermined strength). curing agent reactive with a mercapto group of the 

Singh et al., U.S. Pat. No. 4366307, disclose such materi- mercapto-terminated polymer; and (c) at least one additive 

als. Singh et al. teach the acid-catalyzed condensation of selected from the group consisting of fillers, adhesion 

hydroxy I- functional thioethers. The hydroxyl groups are in 50 promoters, plasticizers and catalysts, 

the ^-position with respect to a sulfur atom for increased Another aspect of the present invention is a sealant or 

condensation reactivity. The Singh et al. patent also teaches potting formulation prepared from components comprising: 

the use of such hydroxy I- functional thioethers with pendant (a) at bast one ungeUed mercapto-terminated polymer pre- 

methyl groups to afford polymers having good flexibility pared from reactants comprising diethylene glycol divinyl 

and liquidity. However, the disclosed condensation reaction 55 ether and dimercapto dioxaoctane; (b) at least one curing 

has a maximum yield of about 75% of the desired conden- agent reactive with a mercapto group of the mercapto- 

sation product Furthermore, the acid -catalyzed reaction of terminated polymer, and (c) at least one additive selected 

(3-hydroxy sulfide monomers yields significant quantities of from the group consisting of fillers, adhesion promoters, 

an aqueous solution of thermally stable and highly malodor- plasticizers and catalysts. 

ous cyclic byproducts, such as l-thia-4-oxa<yclohexane 50 The above sealant formulations are useful in a variety of 

which limits the suitable application of the disclosed poly- applications, such as for example aerospace applications or 

mcrs - as electrical potting compounds. 

Another desirable feature in polymers suitable for use in Other than in the operating examples, or where otherwise 

aerospace sealants is high temperature resistance. While indicated, all numbers expressing quantities of ingredients, 

incorporating sulfur to carbon bonds into a polymer gener- 65 reaction conditions, and so forth used in the specification 

aUyermancesmghtemperamre performance^ and claims are to be understood as being qualified in all 

polyformal polymers disclosed in U S. Pat. No. 2,466,963 instances by the term "about". Also, as used herein, the term 
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"polymer" is meant to refer to oligomers, homo polymers An advantage of the formulations of the present invention 
and copolymers. is that they exhibit very desirable fuel resistance character- 
^p,,^,,^,^, ^„ „ »„„™- istics when cured, due at least in part to the use of the 
BRIEF DESCRIPTION OF THE DRAWINGS meccpto-tenmnated polymer discussed herein. The fuel 
The invention may be more readily understood by refer- 5 resistance of a cured sealant can be determined by percent 
ring to the accompanying drawings in which: volume swell after prolonged exposure of the cured sealant 
FIG. 1 depicts linear graphs of extrusion rate (E) versus to * hydrocarbon fuel, which can be quantitatively deter- 
mine (T) for sealant compositions of the invention in com- mined ^8 methods similar to those described in ASTM 
parison to extrusion rate curves for known types of sealant D792 or AMS 3269, which are incorporated herein by 
composition, and 10 reference. For fuel resistance testing, the cured sealant can 
FIG. 2 is a semi-log graph of the extrusion rate curve of ** P rc P*^ from 100 P»«* by weight of mercapto- 
apolythiocthcr sealant composition of the invention (♦) and terminated polymer, 50 parts by weight of precipitated 
a prior art polysulfide sealant composition (■). calaum carbonate and an epoxy curing agent in all 

equivalent ratio of mercapto groups to epoxy groups. The 

DETAILED DESCRIPTION OF THE is epoxy curing agent is prepared from a 60:40 weight ratio of 

PREFERRED EMBODIMENTS EPON 828 bisphenol A diglycidyl ether (available from 

Ite sealant and potting formulations of the present inven- 2*^* °™ 4 \ b *P hcno1 A Qovolac rcsin 

tion comprise one or more ungeUed mercapto-terminated (* vail »ble *° m Dow Chemical). 

polymers or polythioethers. It has surprisingly been discov- In 1 P refcrred embodiment, the cured sealants of the 

ered that polythioethers prepared from the combination of 20 P** 111 invention have a percent volume swell not greater 

polythiol(s) with polyvinyl ether monomers) according to ^ui 40%, and preferably not greater than 25% after immer- 

the present invention result in ungelled mercapto-terminated sion for onc wcck at 140 ° R C 60 " c ) and * mbicn * pressure 

polymers that are liquid at room temperature and pressure » i cl feferencc fluid (JRF) type 1. More preferably, the 

and that have desirable physical and rbeological properties, , P crocn, swcU of thc cured Polymers is not greater 

and that furthermore are substantially free of malodorous 25 thaQ 70% > preferably ranges from zero to 20%. Jet 

cyclic by-products. The inventive materials also are sub- reference fluid JRF type 1, as employed herein for determi- 

stamially free of deleterious catalyst residues, and have nation of fuel resistance, has the following composition (see 

superior thermal resistance properties. AMS 2629 > issued Jul - 1989 )» 53.1.1 et seq., available 

The mercapto terminated polymers useful in the sealant from SAE ( Socict y of Automotive Engineers, Warrendalc, 

and potting formulations of the present invention are pref- 30 Pa > < mat U ^rporated herein by reference): 
erably liquid at room temperature and pressure and cured 
sealants including such polymers have excellent low tem- 
perature flexibility and fuel resistance. As used herein, the 



Toluene 


28 x 1% by volume 


Cydohenae (technical) 


34 x 1% by volume 


tfooctute 


38 * 1* by volume 


Tertiary dibutyl disulfide 


1 a 0.005% by volume 


(doctor rwect) 




Tertiary butyl mercaptaa 


. 0.015% x 0.0015 by weight of the other 




four component* 



approximately 77° F. (25° C.) and 1 atmosphere (760 mm 
Hg) pressure. 

The mercapto-terminated polymer is ungelled or substan- 
tially free of crosslinking. By ,4 ungelled" is meant that the 

mercapto-terminated polymer is substantially free of 40 

crosslinking and has an intrinsic viscosity when dissolved in Preferably, the ungeUed mercapto-terminated polymers 

' ^f^^f ^t™?^?A C !l? n ? lC '. m ? ccordance have a number average molecular weight ranging from 

with ASTM-D1795 or ASTM-D4243. The intrinsic viscosity abo ut 500 

to about 20,000 grams per mole, more preferably 

of the mercapto-terminated polymer is an indication of its fom about 1,000 to about 10,000, and most preferably from 

finite motecular weight. A gelled reaction product, on the 4J abou , to Awl 5>000( ^ moIeculM . weigh , ^ing 

other band since ,t .s of essentially infimtely high molecuUr determined by gei.permeation chromatography using a 

weight, will have an intrinsic viscosity too high to measure. polystyrene standard! 

Preferably, the metcapto-terminated polymer has a glass Uquid merc apto-tenninated polymers within the scope of 

tranatwn temperature fj f ) that is not higher than -50* C, lhe , imcmioa ^ difunctional, that is, linear 

more preferably nottogher than -55 C. and most preferably 50 polymers having two end groups, or polyfunctional, that is, 

not higher than -60 C. Generally it is preferred that the bnochcd ^y^n having three or more end groups, 

glass transition temperature of the mercapto-terminated ^ mercapto-terminated polymers are prepared by react- 

polymer ranges from-85 C. to-50* C and more prefer- ■ reacts comprising one or more polyvinyl ether mono- 

ably -70" C. to -SO* C as determined by differentul , ^ ^ ^ Qr ^ £ ^ ma ^ , „ , 

scanning calonmetry (DSC). . 55 ether moQOmers iodude divinyl ethers having the formula 

Low temperature flexibility can be determined by known nn. 
methods, for example, by the methods described in AMS 

(Aerospace Material Specification) 3267 §4.5.4.7, MIL-S CH^CH— O— (— R 1 — O— )_— CH=CH 2 (v) 

(Military Specification) -S802E $3.3.12 and MIL-S-29574, where R J is C,^ n-alkyleoe, C, branched alkylene, C„ 

and by methods similar to those described in ASTM 60 cycloalkylene or Cg.jo alkyicycloalkylene group or 

(American Society for Testing and Materials) D522-88, —{(CH,— ) p — O — ] q --{ — CH 2 — ) r — and m is a rational 

which are incorporated herein by reference. Cured formu- number ranging from 0 to 10, p is an independently selected 

lations having good low temperature flexibility are desirable integer ranging from 2 to 6, q is an independently selected 

in aerospace applications because the formulations are sub- integer ranging from 1 to 5 and r is an independently 

jected to wide variations in environmental conditions, such 65 selected integer ranging from 2 to 10. 

as temperature and pressure, and physical conditions such as The materials of formula V are divinyl ethers. Such 

joint contraction and expansion and vibration. divinyl ether monomers as described herein can provide 
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polymers having superior fuel resistance and low tempera- where R 1 can be a n-alkylene group; C 3 . a branched 

ture performance as compared to prior art polymers prepared alkyleoe group, having one or more pendant groups which 

from alkenyl ether and conjugated dienes such as 1,3 buta- can be, for example, bydroxyl groups, alkyl groups such as 

diene copolymerized with a dithiol such as DMDS. Divinyl me tbyl or ethyl groups; alkoxy groups, C M cycloalkylene; 

ether (m-0) is operative herein. Preferred divinyl ethers 5 q+ alkylcycloalkyleoe group; — [( — CRj).— XL— (— 

mchide those compounds having at least one oxyalkylene CHJ— ; or -{(— CHJ -XL-(— CRJ,— in which at 

group, more preferably from 1 to 4 oxyalkylene groups such kist one _CH unit £ substituted with a methyl group 

as those compounds in which m is an integer from 1 to 4. and m which ^ an independently selected integer ranging 

More preferably m is an integer from 2 to 4. It is also frc m 2 to 6, q is an independently selected integer ranging 

possible to employ commercially available divinyl etber I0 frci 1 to 5 and r is an independently selected integer 

mixtures in producing mercapto-terminated polymers ^ from 2 to 10 

according to the invention. Such mixtures are characterized Further ferred ditbiols include one or more 

by a oon-integra average value for the number of aUtoxy subs a, uents ia u, e carbon badcbone, that is, dithiols in which 

units per molecule. Thus, m in formula V can also take on x a ^roamm ^ * 0 , S or another bivalent 

rational number values between 0 and 10.0; preferably 15 heteroatom ramcal; a secondary or tertiary amine group, i.e.. 

between 1.0 and 10.0; very preferably between 1.0 and 4.0, where R « b hy^n „ * another 

parUcularly between 2.0 and 4.0. substituted trivalent heteroatom. In a preferred embodiment. 

Suitable polyvinyl ether monomers include divinyl ether X is O or S, and thus R l is —[(— CH,— )„— O— L-(— 

monomers, such as divinyl ether, ethylene glycol divinyl ™ \ or ri—CK ^ — S— 1 —f—CH -J\ — 

T £nn^ fc^!"*' ""ft ^ ane ?°! iW 20 ^fcipandTaUual^mostpSblybomhave 

ether (BD-DVE) (R 2 -butylene, m-1), hexanediol divinyl ^ va i ue Q f 2 , . 

etber (HD-DVE) (R 2 -hexytene. m-1), diethykne glycol Ugefill tachlde but are „„, HlDited t0 

divmy emer (DEG-DVE)(R s -eAylene, m-2)(preferredX such M 1(2 -e,h.nedithiol, 1.2-propanedithiol. 1,3- 

triethylene : glycol drnny ether ^-ethylene m-3) tetra- p ropanedithiol> U-huunedithiol, 1,4-butanedithiol, 2,3- 

ethylene glycol divinyl tlhct CR 2 -ethylene, m-4X cycjohex- M butan edithiol. i^peotanedithiol, U-pentanedithiol, 1,6- 

anedimethanol divinyl ether, polytetrahydrofuryl divinyl hexaneditbiol, l,3-dimercapto-3-methylbutane, 

etber; tnvinyl ether monomers such as tnmethylolpropane dipentenedimercaptan. ethylcyclohexyldithiol (ECHDT), 

trrvmylethwtetra^^ dimercaptodiethylsulfide, methyl-substituted 

ntol tetravuiyl ether and mixtures thereof. The polyvinyl dimercaptodiethylsulfide, dimethyl-substituted 

ether material can have one or more pendant groups selected M dimercaptodiethylsulfide, dimercaptodioxaoctane. 1,5- 

from alkyl groups, hydroxyl groups, alkoxy groups and dimercapto-3-oxapenlane and mixtures thereof. The poly- 

am ,f C ^ ro ?—" , . ,.,„,. _ , * thiol material can have one or more pendant groups selected 

Useful divinyl ethers in which R is C^, branched alky- from lower alkyl groups, lower alkoxy groups and hydroxyl 

lene can be prepared by reacung a polyhydroxy compound SuitaWe ^ ^ includc c _^ hnMr 

with acetylene. Exemplary compounds of this type include 3J llkyli c _c brlnched alkyt cy C i 0 pentyl, and cyctohexyl. 

compounds in which R* is an alkyl-substituted methylene Pfeferred djthiols dim e r captodiethylsulfide 

ST ^^ S^i^n e T Ple , P .^ R 2^ f 01 ^ 8 ) (P- 2 - r " 2 - I" 1 ' X -S): dimercaptodioxaoctane 

blends such as PLURIOD8E-200 dmnyl ether (BASF ^-2, x ^ ^ 1( £ Kllierclpl0 _ 3 . 

Com. of Parsippany N LI.) for which R'-ethylene and oxtpewane ^ r-2. q-1. X-O). It is also possible to use 

m ■^ 8 ^^^* 1M t UbS ™ d » e, ? ylen - V?' C *™ pi ? « ditUols that include both heteroatom substituents in the 

$ jfcn^ n" 5 . r P^ nc 1 bl ^ nclud ; carbon backbone and pendant alkyl groups, such as methyl 

mg DPE-2 and DPE-3 (InternaUonal Speoalty Products of groups . Such compounds inc f ud t methyl-substituted 

Ai a- • . ,u . , . n * , j DMDS . sucb «» HS— CH a CH(CH,)-S— CHjCH,— SH, 

Other useful divinyl ethers include fluonnated com- HS-^CHCCHJCH^-S-CH^CH^-SH^nd dimethyl sub- 

?T d ^ COmp °, UndS X ?^ bS ° b R V." S* , y tttr * h y droftlr yJ 4J saluted DMDS such as HS-CH 2 CH(CH,)-S-^H(CH,) 

(poly-TOF) or polyoxyalkylene, preferably havmg an aver- CH^-SH and HS^((W-^-Sck>- 

age of about 3 monomer units. SU 

Two or more polyvinyl ether monomersof the formuU V ^ or more difitrem po^^ an be ^ if desired to 

can be used in the foregoing method. Thus in preferred prepare polyihioelhers 

embodimente of the invention, two polythioh of formula IV 50 Prcferably> me poiytfaia] material has a average 

(discussed below) and one polyvinyl ether monomer of molecuIlr ^ ran ^, from 90 to 1000 grams per mole, 

formula V, one polythiol of formula IV and two polyvmyl and fflore pteftnb i y 90 to 500 grams per mole, 

ether monomers of formula V, two polythioh ol : formula IV ReUdve of ^ M ^ ^ e(her matedals 

and two polyvmyl ether monomers of formula V. and more ^ to prepare me , are chosea to ^ eld termiQa , 

man two compounds of one or both formulas, can be used „ m etcapto groups ( — SH). These mercaptan-terminated poly- 

to produce a vanety of polymers according to the invention, (nere ^ mio , termina , ^ (ha , ^ ^ 

and all such ambulations of compounds are cootempUted reacted (Uncapped"), or include one or more thiol groups 

as being within the scope of me invention. ^ are funhe,. relcted ^ other materials t0 

Generally, the polyvmyl ether monomer compnses 20 to reactive or non . rcac ave terminal or pendant groups 

less tlun 50 mole percent of the reacttnts used to prepare the w (-c^ped^. Cappin me , of , he F resem 

mercapto-terminated polymer, and preferably 30 to less than eniWes in^oduction of additional terminal functionalities. 

50 mole percent. for example, hydroxyl or amine groups, to the polymers, or 

Suitable polythiol materials for preparing the mercapto- m ^ alternative, introduction of end groupTthat resist 

terminated polymer include compounds, monomers or poly- further reaction, such as terminal alkyl groups. Preferably, 

mers having « two thiol groups Useful polytbiols „ ^ stoichiometric ratio of polythiol to drvinyl ether mate- 

mclude dithiols having the formula (IV): rials is less than one equivalent of polyvinyl ether to one 

HS — R' — SH (TV) equivalent of polythiol, resulting in mercapto-terminated 
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polymers. More preferably, the stoichiometric ratio is 
selected to fully terminate the polymer with mercapto 
groups. 

Hydroxyl- or ammo-functional terminal polymers can be 
produced, for example, by reacting a vinyl terminated mate* 
rial with mercaptoalcohols such as 3-mercaptopropanol or 
mercaptoamines such as 4-mercaptobulylamine, 
respectively, or by reacting a mercaptan terminated material 
with a vinyl terminated material having hydroxyl function- 
ality such as butane diol raonovinyl ether or amine func- 
tionality such as aminopropyl vinyl ether. 

Preferably, the raercaplo-terrninated polymer comprises 
30 to 90 weight percent of the sealant formulation on a basis 
of total weight of the sealant formulation, and more prefer- 
ably 30 to 60 weight percent. 

The reactants from which the me rcaptc- terminated poly- 
mers are prepared can further comprise one or more free 
radical catalysts. Preferred free radical catalysts include azo 
compounds, for example azob is- nitrite compounds such as 
azo(bis)isobutyronitrile (AIBN); organic peroxides such as 
benzoyl peroxide and t -butyl peroxide; inorganic peroxides 
and similar free-radical generators. The reaction can also be 
effected by irradiation with ultraviolet light either with or 
without a cationic pbotoinitiating moiety. Ionic catalysis 
methods, using either inorganic or organic bases, e.g., 
triethylamine, also yield materials useful in the context of 
this invention. 

Mercapto-terminated polymers within the scope of the 
present invention can be prepared by a number of methods. 
According to a first preferred method, (n+1) moles of a 
material having the formula IV: 



HS— R'^SH 



or a mixture of at least two different compounds having the 
formula IV, are reacted with n moles of a material having the 
formula V: 



CH^=CH-0-(— R*-0— CH =CH 2 



CHj-CH-HCH,),— O-R 5 



(VI) 



8 



10 



15 



20 



25 



In formula VI, s is an integer from 0 to 10, preferably 0 
to 6, more preferably 0 to 4 and R 5 is an unsubstituted or 
substituted alkyl group, preferably a C^ 6 n-alkyl group 
which can be substituted with at least one —OH or — NHR 7 
group, with R 7 denoting H or alkyl. Exemplary useful 
R 5 groups include alkyl groups, such as ethyl, propyl and 
butyl, hydroxyl-substituted groups such as 4-hydroxybutyl; 
amine substituted groups such as 3-aminopropyl; etc. 

Specific preferred materials of the formula VI are 
mono vinyl ethers (s-O), including amino- and hydro xyalkyl 
vinyl ethers, such as 3-aminopropyl vinyl ether and 
4-hydroxybutyl vinyl ether (butanediol raonovinyl ether), as 
well as unsubstituted alkyl vinyl ethers such as ethyl vinyl 
ether. Additional preferred materials of the formula VI 
include allyl ethers (s=l), such as 4-aminobutyl allyl ether, 
3-hydroxypropyl allyl ether, etc. Although materials in 
which s is greater than 6 can be used, the resulting polymers 
may have less fuel resistance than those in which s is 6 or 



(TV) 



35 



(V) 



or a mixture of at least two different compounds having the 
formula V, in the presence of a catalyst. This method 
provides an uncapped, mercapto-terminated Afunctional 
polymer. 

Although, as indicated above, compounds of the formulas 
IV and V which have pendant alkyl groups, for example 
pendant methyl groups, are useful according to the 
invention, it has surprisingly been discovered that com- 
pounds of the formulas IV and V which are free of pendant 
methyl or other alkyl groups also afford mercapto- 
terminated polymers that are ungelled at room temperature 
and pressure. 

Capped analogs t° the foregoing mercapto-terminated 
polymers can be prepared by reacting a material having the 
formula IV or a mixture of at least two different compounds 
having the formula IV and a material having the formula V 
or a mixture of at least two different compounds having the 
formula V in a stoichiometric ratio of less than one equiva- 
lent of dithiol per vinyl equivalent of formula V, with about 
0.05 to about 2 moles of a material having the formula VT 



or a mixture of two different materials having the formula 
VT, in the presence of an appropriate catalyst. 

Materials of the formula VI are alkyl w-alkenyl ethers 
having a terminal etbylenically unsaturated group which 
react with terminal thiol groups to cap the polythioether 
polymer. 



45 



50 



55 



60 



65 



Use of equivalent amounts of materials of the formula VI 
relative to thiol groups present in formula IV provides fully 
capped mercapto polymers, while use of lesser amounts 
results in partially capped polymers. 

Preferably, an equivalent of polyvinyl ether is reacted 
with dithiol or a mixture of polythiols. 

A preferred linear structured mercapto-terminated poly- 
mer useful in the sealant and potting formulations of the 
present invention has the structure of formula (I): 



30 



HS — R*— { — S— (CHj),— O — ( — R 2 



(0 



wherein 

R 1 denotes a n-alkylene, C^. 6 branched alkylene, 
Cs-8 cycloalkylene or C 6 . 10 alkylcycloalkylene group, 
heterocyclic, — [(— CH 2 ) — X^— (--CHJ,— -; or 
— [(— CHJp— x£— (— Cfy r — in which at least one 
— CH 2 — unit is substituted with a methyl group; 

R 2 denotes i C^ 10 n-alkylene, branched alkylene, 
Cg_ 8 cycloalkylene or C 6 14 alkylcycloalkylene group, 
heterocyclic. — ft-CHJp— X]«-<— CH^ 

X denotes one selected from the group consisting of O, S 
and — NR tf — ; 

R 5 denotes H or methyl; 

m is an independently selected rational number from 1 to 
50; and 

n is an independently selected integer from 1 to 60; 
p is an independently selected integer ranging from 2 to 
6; 

q is an independently selected integer ranging from 1 to 
5; and 

r is an independently selected integer from 2 to 10. 

In a more preferred embodiment of the foregoing 
polymer, R 1 is CV-C 6 alkyl and R 2 is Cj-C* alkyl. 

In a preferred embodiment, the polythioether has the 
formula (II): 

a-MRV-* 4 )* CIO 
wherein 

A denotes a structure having the formula I, 
y is 0 or 1, 

R 3 denotes a single bond when y-0 and — S — (CH^ — 

[— O— R 2 — L— O— when y-1, 
R 4 denotes —SH or — S — ( — CH 2 — ) 2w — O — R s when 

y-0 and — CH-CH^ or — (CH 2 — ) 2 — S — R 5 when 
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s is id integer from 0 to 10, z-valent residue of the polyfunctionalizing agent, i.e., the 

R 5 denotes C x . fl alkyl group which is unsubslituted or portion of the agent other than the reactive moieties R 8 

substituted with at least one — OH or — NHR 7 group. Polyfunction^ raercap to -terminated polymers according 

and to the present invention thus preferably have the formula: 

R 7 denotes H or a C lm6 n- alky I group. 5 

Thus, polythioe there of the formula II are linear, difunc- B^R r ^H^H r ^o^*^).CH 2 CH J --s--RM— s— 

tional polymers which can be uncapped or capped. When CHjCH, o (r — ox.— CH a s R 1 !.— sh) 
y-0, the polymer includes terminal thiol groups or capped 

derivatives thereof. In an alternative embodiment, when y-1 or 

(not preferred), the polymer includes terminal vinyl groups 10 B j R r^ R u_^ £[ » (HR ?_ 0) _c H *-s— 

or capped derivatives thereof. R*L— SH), ar ^^ r-*— 

According to a preferred embodiment, the inventive poly- 

tbioether is a difunctional thiol- terminated (uncapped) poly- wherein 

thioether .That is, m formula II y-0 and R is^H Thus, R ^ fc residue of t poly&ncuonakzing 

tbcpolytmoewerhasmefoilowm^ e ' puiyuiuwiuiwinuig 

S— {CHJa — O — [ — R a — O — — (CH^ — S — R 1 — * I , 

SH R . R . a and m denote structures and values discussed 

In a preferred embodiment, R 1 - — [( — CHA, — XL — (— above with reference to Formula I, 

CHj) r — , where p-2, X-O, q-2 and r-2, R r is ethylene R 8 denotes a moiety which is reactive with a terminal 

group, m-2 and n is about 9. vinyl group or me reap to group, and 

The foregoing polymers are produced, for example, by » f . & m f to fi 

reacting , a dtvioyl ether or mixture thereof with an i excess of Poiyfanctional poiythioethers according to the present 

a dithiol or mixture thereof, as discussed in detail below. ' / ' . . r . r 

In ao alternative embodiment of the foregoing nvenhon «n preferably have the formuU (IU)= 

poly thioether, when m-1 and R*=n-butylene in formula II, b (a (R 3 fr R 4 ! flm 

R 1 is not ethylene or n-propylene. Also preferably, when 25 

m-1, p-2, q-2, r«2 and R 2 «elhylene, X is not O. wherein 

Although not preferred, polythioc there according to the A , . . . , . _ 

invention can aL include difunctional vhyl-terminated dcnotes * struclurc havm * lhc formilU 

poiythioethers. That is, in formula II, y-1 and R 4 is — CH- Y is 0 or 1, 

CH 2 . These polymers are produced, for example, by reacting 30 R 3 denotes a single bond when y-0 and — S — (CH^— 

a dithiol or mixture thereof with an excess of a divinyl ether [ — O — R 2 — L — 0 — when y-1, 

or mixture thereof, as discussed in detail below. Analogous R 4 denotes — SH or — S — ( — CH 2 — ^ — O — R s when 

capped poiythioethers include terminal — (CHj— ),— S— y-O and — CH=CH^ or — (CH^ — \ — S — R 5 when 

Preferably, the . mercapto-terminated polymers are essen- 35 R 5 c alkyl lhal * unsubslituted or substituted 

tially free of sulfone, ester or disulfide linkages, and more with at least one —OH or — NHR 7 group, 

preferably tree of such linkages. The absence of these n7 . , „ - „ , 

linkages can provide good fuel and temperature resistance denoUss or 4 C " mU * 1 

and good hydrolytic stability. As used herein, "essentially SiSUl i° te gc r from 0 t0 10 . 

free of sulfone, ester or disulfide linkages" means that less 40 z is an integer from 3 to 6, and 

than 2 mole percent of the linkages in the rnercapto- b denotes a z-valent residue of a polyfunctionalizing 

terminated polymer are sulfone, ester or disulfide linkages. agent. 

Disulfide linkages are particularly susceptible to thermal As with the preceding difunctional embodiments, the 

degradation, sulfone linkages are particularly susceptible to foregoing polyfunctional poiythioethers of the present 

hydrolytic degradation. 45 invention optionally include terminal — SH or — CH=CH 2 

Mercap to -terminated polymers useful in the formulations groups, or are capped and thus include terminal — S — ( — 
of the present invention have a rnercapto functionality of at CH 2 — ^ — O — R 5 or — (CH 2 — )j — S — R 5 groups. Par- 
least 2. Polyfunctional analogs of the foregoing difunctional tially capped polyfunctional polymers, i.e., polymers in 
rnercapto terminated polymers can be prepared by reacting which some but not all of the branches are capped, are also 
one or more compounds of formula IV and one or more 50 within the scope of the present invention, 
compounds of formula V, in appropriate amounts, with one Specific polyfunctionalizing agents include trifunctional- 
or more polyfunctionalizing agents. izing agents, that is, compounds with z-3. Preferred trifunc- 

The term "polyfuncuonalizing agent" as employed herein uonalizing agents include triallylcyanurate (TAC), which is 

denotes a compound having more than two moieties that are reactive with dithiol, and 1,23-propanetrithiol, which is 

reactive with — SH and/or — CH^CH^ groups. The poly- 55 reactive with polyvinyl ether. Agents having mixed 

function alizing agent preferably includes from 3 to 6 such functionality, i.e., agents that include moieties which are 

moieties, and thus is denoted a "z-valent" polyfunctiooaliz- typically separate moieties that react with both thiol and 

ing agent, where z is the number (preferably from 3 to 6) of vinyl groups, can also be employed, 

such moieties included in the agent, and hence the number Other useful polyfunctionalizing agents include trimethy- 

of separate branches which the polyfunctional rnercapto- go lolpropane trivinyl ether, and the polythiols described in 

terminated polymer comprises. US. Pal. Nos. 4,366307; 4,609,762 and 5,225,472, the 

The polyfunctionalizing agent can be represented by the disclosures of each of which are incorporated in their 
formula entireties herein by reference. Mixtures of polyfunctional- 
izing agents can also be used. 
B""***)* 65 Polyfiinctionalizing agents having more than three reac- 
where R 8 denotes a moiety or several moieties that are live moieties (i.e., z>3) afford "star" polymers and hyper- 
reactive with -^SH or — CH=CH 2 groups, and B is the branched polymers. For example, two moles of TAC can be 
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reacted with one mole of a ditbiol to afford a material having The mercapto-terminated polymer or combination of 

an average functionality of 4. This material can then be mercapto-lermioated polymers as detailed herein preferably 

reacted with a diene and a dithiol to yield a polymer, which is present in the polymerizable sealant composition in an 

can in turn be mixed with a mfunctwnalizing agent to afford amount from about 30 wt % to about 90 wt %, more 

a polymer blend having an average functionality between 3 5 preferably about 40 to about 80 wt %, very preferably about 

and 4 ** 45 to about 75 wt %, with the wt % being calculated based 

Inventive polymers as described above have a wide range on jJ e wc «° l of tou ! »W» oi x {b ? composition, 

of average funcUonality. For example, trifunctionalizing . ™< *£ lant or P? lUn * formuUuons of to P^f^t "iven- 

agents afford average functionalities from about 2.05 to 3.0, Uo ° ^ hcr oom P nsc 1 0DC or more ™ m * ■* 

* " f, , ;\T. Tr«rj r «. „ polyolefins, polyacrylales, metal oxides, polyepoxides and 

preferably about 21 to 2.6. Wider ranges of average func- 10 j~ x ^^ y f J Curing agen^ useful in 

uonahty can be achieved by using letrafuncUona or higher v6Lym€dEM , mUxA compositions of the invention include 

polyfunctionahzing agents. Functionality will also be £ Iycpoxidcs 0 r epoxy functional resins, for example, 

affected by factors such as stoichiometry, as is known to hydantoin diepoxide, bispheool-A epoxides, bisphcnol-F 

those skilled in the art. epoxides, novolac type epoxides, aliphatic polyepoxides, 

It is contemplated that other functional groups may be is aR rf any 0 f the epoxidized unsaturated and phenolic resins, 

employed as a substitute for the thiol groups discussed other useful curing agents include unsaturated compounds 

herein to react with the curing agent in order to form the such as acrylic and methacrylic esters of commercially 

polyfunctional material of the present invention. These available polyols, unsaturated synthetic or naturally occur- 

functional groups include, for example, hydroxyl functional ring resin compounds, TAC, and olefinic terminated deriva- 

groups and amine groups. These thiol substitutes may be 20 lives of the compounds of the present invention. In addition, 

employed in the reaction chemistry by one of ordinary skill useful cures can be obtained through oxidative coupling of 

in the art of sealant formation based upon the examples and the thiol groups using organic and inorganic peroxides (e.g., 

methodology discussed herein. MnOj) known to those skilled in the art. Selection of the 

Thus, according to one method for making polyfunctional particular curing agent may affect the T, of the cured 

polymers of the present invention, (n+1) moles of a com- 25 composition. For example, curing agents that have a T f 

pound or compounds having the formula IV, (n) moles of a significantly lower than the T f of the polythioether may 

compound or compounds having the formula V, and a lower the T g of the cured composition, 

z-valent polyfunctionalizing agent in an amount sufficient to Depending on the nature of the mercapto-terminated 

obtain a predetermined molecular weight and functionality, polymer(s) used in the composition, the composition can 

are combined to form a reaction mixture. The mixture is then 30 comprise about 90% to about 150% of the stoichiometric 

reacted in the presence of a suitable catalyst as described amount of the selected curing agent(s) based upon — SH 

above to afford mercapto-terminated polyfunctional poly- equivalents, preferably about 95 to about 125%. 

mers. Capped analogs of the foregoing mercapto-terminated Fillers useful in the polymerizable compositions of the 

polyfunctional polymers are prepared by inclusion in the invention for aerospace application include those commonly 

suiting reaction mixture of about 0.05 to about (z) moles 35 used in the art, such- as carbon black and calcium carbonate 

one or more appropriate capping compounds VI. Use of (z) (CaCOj). Potting compound fillers illustratively include 

moles affords fully capped polyfunctional polymers, while high band gap materials such as zinc sulfide and inorganic 

use of lesser amounts again yields partially capped poly- barium compounds. Preferably, the compositions include 

mere. about 10 to about 70 wt % of the selected filler or combi- 

The inventive polymers preferably are prepared by com- 40 nation of fillers, more preferably about 10 to 50 wt % based 

bining at least one compound of formula IV and at least one upon the total weight of the composition, 

compound of formula V, optionally together with one or The sealant and potting compositions of the present 

more capping compounds VI and/or VII as appropriate, invention can comprise one or more adhesion promoters, 

and/or a polyfunctionalizing agent, followed by addition of Suitable adhesion promoters include phenolics such as 

an appropriate catalyst, and carrying out the reaction at a 45 METHYLON phenolic resin available from Occidental 

temperature from about 50 to about 120° C. for a time from Chemicals, organosilanes such as epoxy, mercapto or amino 

about 2 to about 24 hours. Preferably, the reaction is carried functional silanes such as A-187 and A-1100 available from 

out at a temperature from about 70 to about 90° C. for a time OSi Specialities. Preferably, an adhesion promoter is 

from about 2 to about 6 hours. employed in an amount from 0.1 to 15 wt % based upon total 

Since the inventive reaction is an addition reaction, rather 50 weight of the formulation, 

than a condensation reaction, the reaction typically proceeds Common substrates to which the sealant compositions of 

substantially to completion, i.e., the inventive mercapto- the present invention are applied can include titanium, 

terminated polymers arc produced in yields of appro xi- stainless steel, aluminum, anodized, primed, organic coated 

mately 100%. No or substantially no undesirable and cbromate coated forms thereof, epoxy, urethane, 

by-products are produced. In particular, the reaction does not 55 graphite, fiberglass composite, KEVLAR®, acrylics and 

produce appreciable amounts of malodorous cyclic polycarbonates. 

by-products such as are characteristic of several known Preferably, a plasticizer is present in the sealant formu- 

methods for producing polythioe there. Moreover, the poly- lation in an amount ranging from 1 to 8 weight percent based 

mere prepared according to the invention are substantially upon total weight of the formulation. Plasticizers that are 

free of residual catalyst. 60 useful in polymerizable compositions of the invention 

Methods of making the foregoing polyfunctional inven- include pbthalate esters, chlorinated paraffins, hydrogenated 

tive polymers are discussed in detail below. terpbenyls, etc. 

Preferably, the mercapto-terminated polymer has a vis- The formulation can further comprise one or more organic 

cosity of less than about 500 poise at a temperature of about solvents, such as isopropyl alcohol, in an amount ranging 

25° C. and a pressure of about 760 mm Hg determined 65 from 0 to 15 percent by weight on a basis of total weight of 

according to ASTM D-2849 §79-90 using a Brookfield the formulation, preferably less than 15 weight percent and 

viscometer. more preferably less than 10 weight percent 
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A typical sealant formulation is provided in Example 18. 

Polymcrizable sealant composition cure time is reduced 
considerably by using an organic amine catalyst having a 
pKb of 10 or above. Preferred organic amine catalysts arc 
organic tertiary amines. Specific catalysts which are useful 
in the present invention are triethylene diamine, diazabicy- 
clo (222) octane (DAB CO) (preferred), diazabicycloun- 
decene (DBU), 2,4,6-tri(dimcthylamino methyl) phenol 
(DMP-30) and tetramethyl guanidine (TMG). The reaction 
time when utilizing the organic amine catalysts, and par- 
ticularly the organic tertiary amine catalysts, is in general 
between about one hour to about 20 hours which is a 
considerable difference compared to using no amine cata- 
lyst. 

Generally the amount of catalyst ranges from 0.05 wt % 
to 3 wt %, based on the total weight of the starting reactants. 

The foregoing sealant or potting formulations preferably 
are cured at ambient temperature and pressure, however the 
formulations generally can be cured at a temperature ranging 
from about 0° C. to about 100° C. 

In addition to the foregoing ingredients, polymerizable 
sealant compositions of the invention can optionally include 
one or more of the following: pigments; thixotropes; retar- 
dants; and masking agents. 

Useful pigments include those conventional in the art, 
such as carbon black and metal oxides. Pigments preferably 
are present in an amount from about 0.1 to about 10 wt % 
based upon total weight of the formulation. 

Thixotropes, for example fumed silica or carbon black, 
are preferably used in an amount from about 0.1 to about 5 
wt % based upon total weight of the formulation. 

An additional advantage of sealant formulations accord- 
ing to the invention is their improved curing behavior. The 
extent of cure of a sealant formulation as a function of time 
is often difficult to measure directly, but can be estimated by 
determining the extrusion rate of the composition as a 
function of time. The extrusion rate is the rate at which a 
mixed sealant formulation, i.e., a sealant formulation 
together with an accelerator system, is extruded from an 
applicator device. As the sealant formulation is mixed with 
the accelerator system, curing begins, and the extrusion rate 
changes with time. The extrusion rate thus is inversely 
related to the extent of cure. When the extent of cure is low, 
the viscosity of the mixed ungelled sealant formulation is 
low and thus the extrusion rate is high. When the reaction 
approaches completion, the viscosity becomes very high, 
and the extrusion rate thus becomes low. The extrusion rate 
can be measured according to AMS Method 3276 (section 
4.5.10), which is incorporated herein by reference. 

With reference to FIG. 1, the viscosity of some known 
types of sealant formulations remains low for an extended 
time, because the compositions are slow to cure. Such 
formulations have extrusion curves qualitatively similar to 
curve A. Other known types of sealant formulations cure 
very quickly, and thus their viscosity rapidly increases. 
Consequently, the extrusion rate rapidly decreases, as shown 
in curve B. Desirably, a mixed sealant formulation should 
have a low viscosity, and thus a high extrusion rate, for a 
length of time sufficient to allow even application of the 
sealant formulation to the area requiring sealing, but then 
should cure rapidly after application, i.e., their extrusion rate 
should quickly decrease. Sealant formulations according to 
the present invention are characterized by this desirable 
extrusion curve, as illustrated qualitatively in curve C 

Sealant formulations according to the present invention 
can have, depending on the particular formulation, initial 
extrusion rates as high as 500 g/min or higher, together with 
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low extrusion rates on the order of about 5 to 10 g/min or 
less after curing limes on the order of one hour. 

As shown in FIG. 2, the initial extrusion rate of a sealant 
containing a polymer of the present invention (Example 1, 

s below, cured with an epoxy curing agent as described below) 
is about 550 g/min, then falls rapidly to about 20 g/min after 
70 minutes. In comparison, a known poly sulfide polymer 
based sealant (cured with MnOJ has an initial extrusion rate 
of about 90 g/min, which slowly falls to about 20 g/min after 

10 70 minutes. 

Another preferred curable sealant formulation combines 
one or more plaslicizers with the mercapto-terminated 
polymer(s), curing agent(s) and fillers) described above. 
Use of a plasticizer allows the polymerizable formulation to 

15 include mercapto- terminated polymers which have higher 
T g than would ordinarily be useful in an aerospace sealant or 
potting compound, i.e., use of a plasticizer effectively 
reduces the T f of the formulation, and thus increases the 
low-temperature flexibility of the cured polymerizable for- 

20 mulation beyond that which would be expected on the basis 
of the T f of the mercapto-terminated polymers alone. 

The present invention is illustrated in more detail by 
means of the following non-limiting examples which are 
presently representative of preferred embodiments. These 

25 examples are exemplary and are not intended as a limitation 
on the scope of the invention as detailed in the appended 
claims. 

EXAMPLES 

30 

In Examples 1-8, liquid polythioe there were prepared by 
stirring together one or more dithiols with one or more 
divinyl ethers and a trifunctionalizing agent The reaction 
mixture was then heated and a free radical catalyst was 
3S added. All reactions proceeded substantially to completion 
(approximately 100% yield). 

Example 1 

In a 2 L flask, 524.8 g (332 mol) of diethylene glycol 
40 divinyl ether (DEG-DVE) and 706.7 g (3.87 mol) of dimer- 
captodioxaoctane (DMDO) were mixed with 19.7 g (0.08 
mol) of triallylcyanurate (TAG) and heated to 77° C. To the 
heated reaction mixture was added 4.6 g (0.024 mol) of an 
azobisnitrile free radical catalyst (VAZO® 67 [2,2-azobis 
45 (2-methylbutyroaitrile), commercially available from 
DuPont). The reaction proceeded substantially to comple- 
tion after 2 hours to afford 1250 g (0.39 mol, yield 100%) of 
a liquid polythioether resin having a T # of -68° C. and a 
viscosity of 65 poise and a number average molecular 
50 weight of about 3165 grams per mole and a thiol function- 
ality of 2.2. The polymer was faintly yellow and had low 
odor. 

Example 2 

55 In a 1 L flask, 404.4 g (1.60 mol) of PLURIOL® E-200 
divinyl ether and 355.88 g (1.94 mol) of DMDO were mixed 
with 12.1 g (0.049 mol) of TAC and reacted as in Example 
1. The reaction proceeded substantially to completion after 
5 hours to afford 772 g (0.024 mol, yield 100%) of a resin 
having a T g of -66° C. and a viscosity of 48 poise. The 
polymer was yellow and bad low odor. 

Example 3 

65 In a 100 mL flask, 33.2 g (0.21 mol) of DEG-DVE and 
26.48 g (0244 mol) of 1,2-propanedithiol were mixed with 
0.75 g (0.003 mol) of TAC and heated to 71° C To the 
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heated reaction mixture was added 0.15 g (0.8 mmol) of The polymer described in Example 3 of U.S. Pat. No. 

VAZO® 67. The reaction proceeded substantially to 4366307 was used as a control. This polymer (the "control 

completion after 7 hours to afford 60 g (0.03 mol, yield polymer") had an odor of 3. 

100%) of a resin having a T of -61° C. and a viscosity of Results were as follows: 

22 poise. The polymer had a noticeable PDT (propane s 
dithiol) odor. 



Polymer Odor 
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Example 4 

In a 100 mL flask, 33.3 g (0.136 mol) of tripropylene 
glycol divinyl ether (DPE-3) and 27.0 g (0.170 mol) of 
dimercaptodiethylsulfide (DMDS) were mixed with 0.69 g 
(0.003 mol) of TAC and heated to 77° C. To the heated 
reaction mixture was added 0.15 g (0.8 mmol) of VAZO® 
67. The reaction proceeded substantially to completion after 
6 hours to afford 61 g (0.028 mol, yield 100%) of a polymer 
having a T g of -63° C. and a viscosity of 26 poise. 

Example 5 

In a 250 mL flask, 113.01 g (0.447 mol) of PLURIOL® 
E-200 divinyl ether aad 91 .43 g (0.498 mol) of DMDO were 
mixed with 1.83 g (0.013 mol) of 1,23-propanetrithiol 
(FIT) and allowed to react exothermically for 72 hours. The 
mixture was then heated to 80° C. To the heated reaction 
mixture was added 0.2 g (1 mmol) of VAZO& 67. The 
reaction mixture was maintained at 80° C, and the reaction 
proceeded substantially to completion after 3 hours to afford 
200 g (0.06 mol, yield 100%) of a polymer having a T f of 
-66* C. and a viscosity of 55 poise. 

Example 6 

In a small jar, 14.0 g (0.055 mol) of PLUR1OL0® E-200 
divinyl ether, 6.16 g (0.0336 mol) of DMDO and 5.38 g 
(0.0336 mol) of DMDS were mixed with 0.42 g (0.017 mol) 
of TAC (briefly heated to melt the TAC) and heated to 82" 
C. To the heated reaction mixture was added 0.2 g (0.001 
mol) of VAZCXJ& 67. The reaction proceeded substantially to 
completion after 18 hours to afford 26 g (8.4 mmol, yield 
100%) of a polymer having a T g of -63° C. and a viscosity 
of 80 poise. 

Example 7 

In a small jar, 13.55 g (0.054 mol) of PLURIOL.® E-200 
divinyl ether, 10.44 g (0.057 mol) of DMDO and 1.44 g (8.1 
mmol) of ethylcyclohexanedithiol (ECHDT) were mixed 
with 0.40 g (1.6 mmol) of TAC (heated briefly to melt the 
TAC) and heated to 82° C. To the heated reaction mixture 
was added 0.2 g (0.001 mol) of VAZO$ 67. The reaction 
proceeded substantially to completion after 5 hours to afford 
26 g (8.1 mmol, yield 100%) of a polymer having a T g of 
-66* C. and a viscosity of 58 poise. 

Example 8 

In a small glass jar, 9.11 g (0.036 mol) of PLURIOL® 
E-200 divinyl ether, 5.71 g (0.031 mol) of DMDO, 1.52 g 
(7.8 mmol) of ECHDT, 5.08 g (0.031 mol) of DMDS and 
4.11 g (0.024 mol) of bexanediol divinyl ether (HD-DVE) 
were mixed with 0.39 g (1.6 mmol) of TAC (heated briefly 
to dissolve the TAC) and heated to 82° C. To the heated 
reaction mixture was added 0.6 g (3.1 mmol) of VAZO® 67. 
The reaction proceeded substantially to completion after 
about 45 hours lo afford 2.6 g (7.8 mmol, yield 100%) of a 
polymer having a T f of -66° C. and a viscosity of 304 poise. 
The polymer had a cloudy appearance. 

Each of the foregoing polymers was evaluated for odor. 
The following scale was employed: 3: strong, offensive 
odor; 2: moderate odor; 1: slight odor, 0: substantially 
odorless. 



All of the liquid polythioethers thus had little or moderate 
odor except polymer 3, which had a strong odor. 
20 The polymers prepared in Examples 1-8 were then cured. 
Curing was carried out using the uncompounded resins with 
a curing agent and DABCO accelerator. The curing agent 
had the following composition: 



epoxy novolac 1 (equivalent weight 175.5) 22 wt ft 

hydantoin epoxy 3 (equivalent weight 132) 34 wt % 

ctlduoi carbonate 34 wt % 

carbon black 5 wt * 

luaae adhesive promoter 5 wt % 



'DEN-431 epoxy novolac available from Dow Chemical of Midland, 
Michigan. 

'ARACAST XV A4 238 hydantoin epoxy available from Ciba-Oeigy. 

The cured resins were evaluated for odor according to the 
procedure set forth above. The T g and the percent weight 
gain after immersion in JRF type 1 for one week at room 
temperature and pressure were also measured for each of the 
cured resins. The volume swell and weight gain percentages 
were determined for each cured material as follows: 

o 

Wj -initial weight in air 
w 2 - initial weight in H 2 0 
w 3 -final weight in air 
w 4 -final weight in H 2 0 
5 % volume swell-lOOxfCwj+wJ^Wj+w^l^Wj-Wj) 
% weight gain-100x(w 3 -w 1 )Av 1 
The results are given in Table 1: 



TABLE 1 



Cured Rain 


1 


2 


3 


4 


5 


6 


7 


8 


Odor 


0 


0 


0 


0 


0 


0 


0 


0 


T t (* C) 


-59 


-61 


-61 


-63 


-62 


-56 


-59 


-58 


ft fuel iwell 


19 


22 






23 


19 


24 


27 


ft wt Gain 


14 


IS 


15 


23 


15 


15 


19 


20 



In comparison, the control polymer had an odor of 1-2 when 
cured. 



w Example 9 

Polythioethers having a number average molecular 
weight of 2100 and an average SH functionality F of 2.1 
were prepared by combining a divinyl ether with a dithiol as 
shown in Table 2 and reacting the materials as previously 
65 described herein. The uncompounded polythioethers were 
then cured using 15 g of the curing agent described above 
and 0.30 g of DABCO. For each polythioether so prepared, 



25 



30 



55 
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the following quantities were measured: viscosity (uncured 
material, poise p); Shore A hardness (cured material, Rex 
durometer value); % weight gain (cured material) after one 
week at 140° F. (60° C.) and atmospheric pressure in JRF 
type 1; and T f (cured material, °C). Results were as follows: 

TABLE 2 



DUhiol 
Di vinyl 
Ether 


ECHDT 


DMDS 


DMDO 


HDT* 


DEO-DVE 


145 p 


(solid) 


27 p 


24p 




44 Rax 


94 Rex 


25 Rex 


25 Rex 




27% 


3% 


14% 


29% 




-53 


-63 


-69 


-77 


PLURIOL fc* 


77p 


41 p 


59 p 


25p 




43 Rex 


47 Rex 


27 Rex 


23 Rex 




27% 


11% 


18% 


30% 




-57 


-61 


-67 


-76 


BD-DVE* 


185 p 


(solid) 


(solid) 


(solid) 




42 Rex 




20 Rex 


22 Rex 




44% 




21% 


44% 




-59 




-79 


-85 


HD-DVE 


155 p 


(solid) 


(solid) 


(soft solid) 




50 Rex 




14 Rex 


29 Rex 




57% 




27% 


68% 




-60 


-63 


-78 


-86 


Poly-THF* 


91 P 


(solid) 


27 p 






30 Ru 


75 Re* 


17 Rex 






64% 


29% 


37% 






-69 


-79 


-79 





10 



15 



20 



'PLURIOL 9 E200 divinyi ether 
"Buunediol divinyi ether 
Solytetrehydrofursn divinyi ether 
'HexanedUbiol 



30 



From the foregoing table it is apparent that the following 
combinations of divinyi ether and dithiol afford liquid 
poly thiocthers having good fuel resistance and low tempera- 
ture flexibility when cured: PLURIOL® E-200/DMDO; and 
DEG-DVE/DMDO. Other potentially useful combinations 
include DEG-DVE/ECHDT; DEG-DVE/HDT, PLURIOL® 
E-200/ECHDT, PLURIOL® E-200/HDT, and poly-TOF/ 
DMDO. PLURIOL® E-200/DMDS also has excellent fuel 
resistance and low temperature flexibility when cured, but 
the uncompounded material does not remain in a liquid state 
for an extended period of time. 

Example 10 

Addition of DMDS to PLURIOU&/DMDO Polymers 

Four liquid polythiol ether polymers were prepared as 
previously described herein. The polymers had the follow- 
ing compositions (listed values are molar equivalents): 





1 


2 


3 


4 


PLURIOL <& E-200 


6.6 


6.6 


6.6 


6.6 


DMDO 


8 


6 


4.5 


4 


DMDS 


0 


2 


3.5 


4 



35 



40 



45 



50 



55 



To each of these polymers was added 0.2 molar equiva- 
lents of TAC to afford a number average molecular weight 60 
of about 3000 and a SH functionality F of 2.2. Each resultant 
uncompounded polymer was cured as in Example 9 (15 g of 
the curing agent composition and 0 JO g of DAB CO). For 
each polymer, the following properties were measured: T g 
(resin, °C); T g (cured, °C); viscosity (p); % swell in JRF 65 
type 1; % weight gain in JRF type 1; and % weight gain in 
water. Results are given in Table 3. 
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TABLE 3 





1 


2 


3 


4 


T, (resin) 
(cured) 
Viscosity 
JRF 


-67 
-59 
59 


-66 
-58 
53 


-64 
-56 
62 


-63 
-56 
80 


% Swell 
% WlGeio 
H a O 

% WtOaifl 


24 
18 
11.8 


21 
15 
11.5 


21 
16 
7.4 


20 
16 
7J 



All of the foregoing polymers displayed excellent fuel 
resistance. Polymers 1 and 2 in particular also displayed 
excellent low temperature flexibility when tested according 
to AMS 3267 § 4.5.4.7. 

i 

Example 11 

Addition of ECHDT to PLURIOLB/DMDO Polymers 

Four liquid polythiol ether polymers were prepared as 
previously described herein. The polymers had the follow- 
ing compositions (listed values are molar equivalents): 





1 


2 


3 


4 


PLURIOL • E-200 


6.6 


6.6 


6.6 


6.6 


DMDO 


8 


7 


6 


5 


ECHDT 


0 


1 


2 


3 



Each of these polymers had a number average molecular 
weight of about 3000 and a SH functionality F of 2.2. Each 
resultant uncompounded polymer was cured as in Example 
10. For each polymer, the following properties were mea- 
sured: T # (resin, 'C); T, (cured, °C); viscosity (p); % swell 
in JRF type 1; % weight gain in JRF type 1; and % weight 
gain in water. Results are given in Table 4. 



TABLE 4 





1 


2 


3 


4 


T t (resin) 


-67 


-66 


-65 


-64 


(cured) 
Viscosity 


-59 


-59 


-58 


-56 


59 


36 


44 


50 


JRF type 1 










% Swell 


24 


21 


28 


19 


% WlOsie 


18 


18 


19 


19 


KjO 


11.8 


10.8 


8.3 


7.8 


% WlOsin 











All of the foregoing polymers displayed good fuel resis- 
tance and low temperature flexibility. 

Example 12 

In a 250 mL 3 -neck flask equipped with a stirrer, ther- 
mometer and condenser, 87.7 g (0.554 mol) of DEG-DVE 
and 112.3 g (0.616 mol) of DMDO are mixed and heated to 
77° C. (about 170° F). To the mixture is added 0.8 g (4.2 
mmol) of VA2CX& 67 catalyst The reaction mixture is 
reacted at 82° C. (about 180° F.) for about 6 hours to afford 
200 g (0.06 mol, yield 100%) of a low viscosity liquid 
polythioether resin having a thiol equivalent weight of 1625 
and a SH functionality F of 2.0. 

Example 13 

In a 250 mL 3-neck flask equipped with a stirrer, ther- 
mometer and condenser, 26.7 g (0.107 mol) of TAC, 56.4 g 
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(0.357 mol) of DEG-DVE and 117.0 g (0.642 mol) of 
DMDO are mixed and heated to 77° C. (about 1700° R). To 
the mixture is added 0.8 g (4.2 mmol) of VAZO 67 catalyst. 
The reaction mixture is reacted at 82° C. (about 180° F.) for 
about 6 hours to afford 200 g (0.07 mol, yield 100%) of a 
high viscosity liquid polythioether resin having an equiva- 
lent weight of 800 and a SH functionality F of about 3.5. 

Example 14 

Sealant Composition 

A sealant composition including the DMDO/DEG-DVE 
polythioether polymer of Example 1 was compounded as 
follows (amounts in parts by weight): 



DMDO/DEG-DVE Polythioether 
Calcium carbonate 
Magnesium oxide 
Phenolic resin 1 
DMP-30 

[sop ropy 1 alcohol 



100 
60 
1 
1 
1 
3 



Cure hardness al 25* C 


60 Shore A 


Tensile strength at break 


550 p*i 


Elongation at break 


600* . 


Notched tear strength 


100 p/i 


Low- temperature flexibility 


Passed 


(AMS 3267 $4.5.4.7) 





Example 15 

Sealant Composition 

A sealant composition including the ECHDT/DEG-DVE 
polythioether polymer of Example 9 was compounded as 
follows (amounts in parts by weight): 



ECHDT/DEO-DVE Polythioether 

Calcium carbonate 

Hydra ted aluminum oxide 

Magnesium oxide 

Phenolic resin of Example 14 

Hydro gcmicd terphenyl puuticizer 

DMP-30 

bopropyl alcohol 



100 
54 

20 



The compounded polymer was mixed intimately with an 
epoxy resin curing agent of Examples 9-12 above in the 
weight ratio of 10:1 and cured at ambient temperature and 
humidity. The following physical properties were obtained 
for the cured composition: 



Cure hardness at 25* C 
Tensile strength at break 



72 Shore A 
550 psi 



20 



•continued 



Elongation at break 
Notched tear strength 
Low-temperature flexibility 



450% 
85 p/i 
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The compounded polymer was mixed intimately with the 
epoxy resin curing agent of Examples 9-11 above, in the 
weight ratio of 10:1 and cured at ambient temperature and 
humidity. Tensile strength and elongation were evaluated 
according to ASTM 3269 and AMS 3276. Hie die used to 
prepare the test samples is described in ASTM D 412. The 
die used to prepare test samples for tear strength testing is 
described in ASTM D1004. The following physical proper- 
ties were obtained for the cured composition: 



Example 16 
io OH-Terminated Capped Polythioether 

In a 500 ml flask, 275.9 g (1.09 mol) PLURIOU& E-200 
divinyl ether, 174.7 g (0.95 mol) DMDO, 28.7 g (0.30 mo!) 
3-mercaptopropanol and 1.83 g (7.3 mmol) TAC were 
mixed. The mixture was heated to 70° C, and 2.3 g (12 
mmol) VAZO® 67 were added slowly. The reaction mixture 
was stirred and heated at 85-90° C. for 4 hours to afford 480 
g (0.15 mol, yield 100%) of a polymer having an OH 
equivalent weight of 1670 (number average molecular 
20 weight-3200, OH functionality F«2.G5). 

Example 17 
OH-Terminated Capped Polythioether 

In a 250 ml flask, 104.72 g (0.57 mol) DMDO, 80.73 g 
(0.51 mol) DEG-DVE and 14.96 g (0.13 mol) butanediol 
monovinyl ether were mixed and heated to 75° C To the 
heated mixture 0.60 g (3 mmol) VAZO® 67 were added 
slowly. The reaction mixture was stirred and heated at 
30 75-85* C. for 6 hours to afford 200 g (0.064 mol, yield 
100%) of a dear, nearly colorless polymer with very low 
odor and a viscosity of 79 poise at 20° C. The OH equivalent 
weight was 1570 (number average molecular weight-3200, 
OH functionality F-2.00). 

35 

Example 18 

Sealant Composition 

A sealant composition including the DMDO/DEG-DVE 
40 polythioether polymer of Example 1 was compounded as 
follows (amounts in weight percent): 
Base Composition 



25 



45 



Component 



50 



0.277 Tung oil 

1.053 methylene diamine, diazabicycio (2,2,2) 

55.466 Polythioether polymer of Example 1 

0.831 Phenolic resin adhesion promoter 9 

0.554 Phenolic/polysulnde adhesion promoter 6 

0.277 Titanate 7 

1.108 Amino functional iQsne* 

0.222 Fumed silica 

0.554. Titanium dioxide 

0.631 Amorphous silica 

55 8.320 Aluminum hydroxide 

30.506 precipitated calcium carbonate 

*DABCO diethyl amine, diazabicycio (2,2,2) octane available from Air 
Pr oduc ts A Chemicals. 

'METHYLON 75108 phenolic resin svailable from Occidental Chemical. 
*Tbe phenol ic/polysulAde adhesion promoter was prepared by reacting 
about 315b VARCUM 29202 phenolic resin, 66% Thiokol LP-3 polysulfide 
snd 3% of a polymer prepared according to Example 4 of U.S. Pat No. 
4,623,711 (at a ratio of 1 mole dithiol to 1 mole polysulftde) (incorporated 
by reference herein) at • temperature of about 150* F. (65* C) for 45 
mias, then heated to 230* F. (110* C) over a 45-60 minute period, then 
heated st 230* F. (110* C) for 165 mins. 

TYZOR TBT titanate available from E.I. duPont de Nemours Company. 
■a-1100 amino functional silsoe available from OSi Specialities, Inc. 



60 



65 



us 
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Accelerator 



wt % 


Component 


26.525 


BUphcnol A digiycidyl ether* 


17.684 


Epoxy novolac 10 


10.699 


Plaatidzer" 


42.440 


Calcium carbonate 


0.221 


Carbon black 


0.086 


Carbamate salt 12 


1247 


Epoxy functional ailane 11 


0.085 


De ionized water 


0.011 


Dipheny Igu a aid inc 



*EPON 828 biephenol A digiycidyl ether available from Shell Chemical. 

10 DEN 431 epoiy novolac available from Dow Chemical. 

"HB-40 plaaticizer available from Monsanto Ca 

"Ferbam 76% WDG carbamate salt available from Cabot Corp. 

,3 A- 187 epoxy functional tali no available from OSi Specialise, Inc. 



Therefore, we claim: 

1. A sealant formulation prepared from components com- 
prising: 

(a) at least one ungelled mercapto-terminated polymer 
prepared by reacting reactants comprising at least one 
polyvinyl ether monomer and at least one polythiol 
material; 

(b) at least one curing agent reactive with a mercapto 
group of the mercapto-terminated polymer, and 

(c) at least one additive selected from the group consisting 
of fillers, adhesion promoters, plasticizers and cata- 
lysts. 

2. The sealant formulation of claim 1, wherein said 
mercapto-terminated polymer has a glass transition tempera- 
ture of less than -50° C. 

3. The sealant formulation of claim 1, wherein said 
mercapto-terminated polymer has a viscosity of less than 
about 500 poise at a temperature of about 25° C. and a 
pressure of about 760 mm Hg. 

4. The sealant formulation of claim 1, wherein said 
mercapto-terminated polymer has a number average 
molecular weight of between 500 and 20,000. 

5. The sealant formulation of claim 4, wherein said 
mercapto-terminated polymer has a number average 
molecular weight of between 2000 and 5000. 

6. The sealant formulation of claim 1, wherein said 
mercapto-terminated polymer comprises 30 to 90 weight 
percent of the sealant formulation based upon total weight of 
the components used to prepare the sealant formulation. 

7. The sealant formulation of claim 1, wherein said 
polyvinyl ether monomer is a divinyl ether monomer. 

8. The sealant formulation of claim 7, wherein said 
divinyl ether monomer is selected from the group consisting 
of: divinyl ether, ethylene glycol divinyl ether, butanediol 
divinyl ether, hexanediol divinyl ether, diethylene glycol 
divinyl ether, triethylene glycol divinyl ether, trimethylol- 
propane thvinyl ether, tetraethylene glycol divinyl ether, 
cyclohexanedimethanol divinyl ether, polytctrahydrofuryl 
divinyl ether and mixtures thereof. 

9. The sealant formulation of claim 1, wherein said 
polyvinyl ether monomer is a mixture of components com- 
prising divinyl ether and polyvinyl ether having at least three 
vinyl groups. 

10. The sealant formulation of claim 1, wherein said 
polyvinyl ether monomer comprises 20 to 60 mole percent 
of the reactants used to prepare the mercapto-terrninated 
polymer. 

11. The sealant formulation of claim 1, wherein said 
polyvinyl ether monomer has a pendant group selected from 
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the group consisting of alkyl groups, hydroxyl groups, 
alkoxy groups and mixtures thereof. 

12. The sealant formulation of claim 1, wherein said 
polythiol material is a dithiol. 
s 13. The sealant formulation of claim 12, wherein said 
dithiol material is selected from the group consisting of 

1.2- ethanedithiol, 1,2-propancdithiol, 1,3-propancdithioI, 

1.3- butanedithiol, 1,4-butanedithiol, 2,3-butanedithiol, 13- 
pentanedithiol, 1,5-pentaneditbioL 1,6-hexanedithioI, 1,3- 

10 dimercapto-3-metbylbutane, dipentenedimercaptan, 
ethylcyclohexyldithiol, dimercaptodiethylsulfide, methyl- 
substituted dimercaptodiethylsulfide, dimethyl-substituted 
dimercaptodiethylsulfide, dimercaptodioxaoctane, 1,5- 
dimercapto-3-oxapentane and mixtures thereof. 

is 14. The sealant formulation of claim 1, wherein said 
polythiol material has a pendant group selected from the 
group consisting of alkyl groups, hydroxyl groups, and 
alkoxy groups. 

15. The sealant formulation of claim 1, wherein said 
20 polythiol material has a number average molecular weight 

ranging from 200 to 5000. 

16. The sealant formulation of claim 1, wherein said 
polythiol material comprises from 40 to 80 mole percent of 
the reactants used to prepare the mercapto-terminated poly- 

25 mer. 

17. The sealant formulation of claim 1, wherein said 
reactants from which said mercapto-terminated polymer are 
prepared further comprise a catalyst. 

18. The sealant formulation of claim 1, wherein said 
30 curing agent is selected from a group consisting of 

polyolefins, polyacrylates, metal oxides, polyepoxides and 
mixtures thereof. 

19. A sealant formulation prepared from components 
comprising: 

35 (a) at least one ungelled mercapto-terminated polymer 
prepared from reactants comprising diethylene glycol 
divinyl ether and dimercapto dioxaoctane; 

(b) at least one curing agent reactive with a mercapto 
group of the mercapto-terminated polymer, and 

40 (c) at least one additive selected from the group consisting 
of fillers, adhesion promoters, plasticizers and cata- 
lysts. 

20. An aerospace sealant formulation prepared from com- 
ponents comprising: 

(a) at least one ungelled mercapto-terminated polymer 
prepared by reacting reactants comprising at least one 
polyvinyl ether monomer and at least one polythiol 
material; 

50 (b) at least one curing agent reactive with a mercapto 
group of the mercapto-terminated polymer, and 

(c) at least one additive selected from the group consisting 
of fillers, adhesion promoters, plasticizers and cata- 
lysts. 

55 21. An electrical potting formulation prepared from com- 
ponents comprising: 

(a) at least one ungelled mercapto-terminated polymer 
prepared by reacting reactants comprising at least one 
polyvinyl ether monomer and at least one polythiol 

60 material; 

(b) at least one curing agent reactive with a mercapto 
group of the mercapto-terminated polymer, and 

(c) at least one additive selected from the group consisting 
of fillers, adhesion promoters, plasticizers and cala- 

65 lysts. 
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I, William R. Lambert, declare that: 

1 . I am a patent attorney registered to practice before the U.S. Patent and 
Trademark Office (USPTO). My registration number is 44,857. 

2. I am also an active member of the State Bar of California. 

3. I am currently employed as a patent attorney by XenoPort, Inc., 3410 Central 
( Expressway, Santa Clara, CA 95051 . 

4. Prior to my employment by XenoPort, Inc., I was employed as a patent attorney 
from about August 2002 to January 2005 by the law firm of Finnegan, Henderson, 
Farabow, Garrett and Dunner (Finnegan) in their California office now located at 3300 
Hillview Drive, Palo Alto, CA 94304. 

5. During the time I was employed by Finnegan I was responsible for a number of 
patent matters for the firm client PRC-DeSoto International, Inc. (formerly Courtaulds 
Aerospace, Inc.), a wholly-owned subsidiary of PPG Industries. 

6. The client contact for PRC patent matters was William J. Uhl, a registered patent 
attorney (Registration No. 25,567), with whom I worked closely. 

7. Among the matters I worked on with Mr. Uhl were U.S. Application No. 
10/302,177, filed, prior to my involvement with the case, on November 21, 2002, and 
U.S. Application No. 10/644,389, filed August 19, 2003. These applications are part of 
a chain of divisional, continuation, and continuation-in-part applications, the relationship 
of which is depicted on Zook Exhibit 1003. The various relevant applications and 
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patents in the chain of applications referred to in Zook Exhibit 1 003 are numbered 1 (for 
the application having the earliest filing date) to 6 (for the most recently filed 
application). For convenience, the various applications and patents will be referred to 
herein by both the application or patent number and by the sequential numbers 
appearing in Zook Exhibit 1003. 

8. I also worked with Mr. Uhl with regard to filing a reissue application of U.S. 
Patent No. 5,912,319 (No. 1). The reissue application, Application No. 10/788,965, was 
filed on February 25, 2004, along with a request for interference with U.S. Patent Nos. 
6,525,168 and 6,723,827 (respectively, the '168 and '827 patents). 

9. At some point after February 25, 2003 (the issuance date of the '168 patent), and 
August 19, 2003, Mr. Uhl commenced discussions with me and others regarding the 
possibilities of provoking an interference with the '168 patent. 

10. Application No. 10/644,389 (No. 6 on Zook Exhibit 1003) was filed by me on 
August 19, 2003 in contemplation of being used as a vehicle for provoking such an 
interference. It was also contemplated that a reissue of U.S. Patent No. 5,912,319 (No. 
1 ) could be used for this purpose. 

11. At some point prior to February 25. 2004 (one year from the issue date of the 
'168 patent and also the filing date of the reissue of U.S. Patent No. 5,912,319 (No. 1)), 
it was decided to request an interference with the '168 patent in both the reissue 
application and Application No. 10/644,389 (No. 6). Accordingly, I prepared an 
application for reissue of U.S. Patent No. 5,912,319 (No. 1 ), a request for interference in 
the reissue application, and a request for interference in the previously filed Application 
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No. 10/644,389 (No. 6). All of these papers were filed by me in the USPTO on February 
25, 2004. 

12. I have been advised that Application No. 10/644,389 (No. 6) has been placed in 
interference with the '168 and '187 patents. I have also been advised that there 
appears to be a break in continuity between Application No. 10/302,177 (No. 5) and 
10/644,389 (No. 6). 

THE BREAK IN CONTINUITY 

13. In Application No. 10/302,177 (No. 5), a non-final Office Action with a shortened 
three-month period for response was mailed on February 19, 2003. Zook Exhibit 1004. 
Neither a response nor a petition for extension of time for reply to this Office Action was 
filed in that case. 

14. Application No. 10/644,389 (No. 6) was filed on August 19, 2003, the last day 
that a response could have been filed in Application No. 10/302,177 (No. 5) had a 
petition for extension of time, including the appropriate fee, been filed in that case. 

1 5. Failure to file a petition for extension of time in Application No. 1 0/302,1 77 (No. 
5) was an inadvertent oversight. Thus, the premature abandonment of that application 
without preserving continuity with Application No. 10/644,389 (No. 6) was unintentional. 

16. That the abandonment of Application No. 10/302,177 (No. 5) without preserving 
continuity with Application No. 10/644,389 (No. 6) was unintentional, and that it was my 
intent and the intent of PRC to preserve continuity, is in part evidenced by the fact that 
Application No. 10/644,389 (No. 6) was filed on the last day that copendency could 
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have been preserved by filing a petition for extension of time in Application No. 
10/302,177 (No. 5). There would be no reason to file the application on this particular 
day if copendency was not desired. 

1 7. Moreover, in the transmittal letter (Zook Exhibit 1 006) submitted with Application 
No. 10/644,389 (No. 6), that application was referred to as "a Continuation Application" 
of "pending prior Application No. 10/302,177." Specifically, the first sentence in the 
body of the transmittal letter provides in part: 

This is a request for filing a Continuation Application under 
37 C.F.R. § 1 .53(b) of pending prior Application No. 
10/302,177, filed on November 21, 2001 

Application No. 10/644,389 (No. 6) would not have been referred to as a "Continuation," 
and Application No. 10/302,1 77 (No. 5) would not have been referred to as "pending" if 
I did not believe Application No. 10/302,177 (No. 5) was pending when Application No. 
10/644,389 (No. 6) was filed. Thus, I clearly intended to preserve, and believed I had 
preserved, copendency. 

18. In addition, in paragraph 9 on page 2 of the transmittal letter (Zook Exhibit 1006), 
the first paragraph of the specification of the newly filed Application No. 10/644,389 (No. 
6) was amended to recite a claim to priority to Application No. 10/302,177 (No. 5) in 
accordance with 37 C.F.R. § 1 .78(a)(2). This amendment would not have been done 
had I not intended to preserve copendency with the prior application. 

19. Although a Notice of Abandonment (Zook Exhibit 1 005) was received in 
Application No. 10/302,177 (No. 5), it does not indicate when that application went 
abandoned, therefore I was unaware it was prematurely abandoned. 
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20. Furthermore, Application No. 10/644,389 (No. 6) was filed for the purpose of 
provoking an interference with the '168 patent. Clearly, it would be illogical to file that 
application for purposes of provoking an interference while intentionally breaking 
continuity with the chain of earlier cases and thus losing the right to rely on these cases 
for priority purposes. This is especially self evident given the earliest priority date 
(February 19, 1997) available for Application No. 10/644,389 (No. 6) compared to the 
earliest possible priority date available for the '168 patent (March 9, 2000). 



21 . The Filing Receipt (Zook Exhibit 1 01 1 ) for Application No. 1 0/644,389 (No. 6) 
dated November 17, 2003. The Filing Receipt contained the following notations: 



Domestic Priority data as claimed by applicant 

This application is a CON of 10/302,177 1 1/21/2002 ABN* 
which is a CON of 09/756,573 of 01/08/2001 PAT 
6,509,418* 

which is a CI P of 08/928,972 09/12/1997 PAT 6,172,179 

which is a CIP of 08/802,130 02/19/1997 PAT 5,912,319 

This application 10/644,389 

is a CIP of 09/318,500 05/25/1999 PAT 6,232,401 

which is a DIV of 08/802,130 02/19/1997 PAT 5,912,319 

and said 09/756,573 01/08/2001 

claims benefit of 60/182,396 02/14/2000 

and claims benefit of 60/215,548 06/30/2000 

(*)Data provided by applicant is not consistent with PTO 

records 

The asterisks after the first two list applications appeared to me to be in error, 
particularly since the Filing Receipt did not indicate any problem with the priority claim to 
applications filed prior to Application No. 09/756,573 (No. 4). Certainly nothing in the 
notations appearing on the filing receipt indicated to me there was any problem with 
copendency between Application No. 10/302,177 (No. 5) and Application No. 
10/644,389 (No. 6). 
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22. I requested a corrected filing receipt (Zook Exhibit 1012), again reflecting my 
belief that Application No. 10/644,389 (No. 6) was entitled to claim priority from 
Application No. 10/302,177 (No. 5) and that Application No. 10/302,177 (No. 5) was not 
prematurely abandoned. Moreover, the request for a corrected Filing Receipt was 
granted. Zook Exhibit 1013. 

23. Subsequent to submitting the request for a corrected Filing Receipt, I left the 
Finnegan Firm and had no further involvement with the prosecution of Application No. 
10/644,389 (No. 6). 

24. Thus, nothing that happened subsequent to filing Application No. 10/644,389 
(No. 6) alerted me to the break in copendency. To the best of my knowledge, neither I 
nor anyone affiliated with PRC ever intended to abandon Application No. 10/302,177 
(No. 5) without preserving copendency, or was aware of the inadvertent premature 
abandonment of that Application until the break in continuity was discovered by 
interference counsel after the interference was declared. Thus, the abandonment and 
delay in filing a petition for extension of time in Application No. 10/302,177 (No. 5) has 
remained unintentional at all times. 

THE INCORRECT CLAIM TO THE 
ALTERNATIVE CHAIN OF PRIORITY APPLICATIONS 

25. In addition to the chain of priority cases discussed above, Application No. 
10/644,389 (No. 6) includes an alternative priority chain that involves Application No. 
09/318,500 (No. 3). 
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26. Specifically, the main chain of priority applications begins with Application No. 
08/802,130 (No. 1), and runs through Application Nos. 08/928,972 (No. 2), 09/756,573 
(No. 4), and 10/302,177 (No. 5) to the application currently involved in the interference, 
Application No. 10/644,389 (No. 6). The alternate chain of priority applications also 
begins with Application No. 08/802,130 (No. 1) and runs through Application Nos. 
09/318,500 (No. 3), 09/756,573 (No. 4), and 10/302,177 (No. 5) to Application No. 
10/644,389 (No. 6). See Zook Exhibit 1003 (in the exhibit, the correct chains of priority 
cases are connected by solid lines). 

27. Application No. 09/756,573 (No. 4) (now U.S. Patent No. 6,509,418), the first 
application in the relevant chain of applications that could have claimed priority to 
Application No. 09/318,500 (No. 3), properly recited both the alternative chain that 
includes Application No. 09/318,500 (No. 3) and the chain that does not. Specifically, in 
the alternative priority chain, as set forth in Application No. 09/756,573 (No. 4), that 
application is properly identified as a continuation-in-part of Application No. 09/318,500 
(No. 3), which application is a divisional of Application No. 08/802,130 (No. 1). See 
Zook Exhibit 1014, first paragraph of Col 1. 

28. Application No. 1 0/302,1 77 (No. 5) was filed prior to my involvement with the 
case. At the time that application was filed, the wording of the alternative priority claim 
was changed only slightly from what it had been in Application No. 09/756,573 (No. 4). 
See Zook Exhibits 1014 and 1007, paragraph 9, page 2. Because the wording was 
changed only slightly, the alternative priority claim was ambiguous and it was not clear 
Application No. 09/318,500 (No. 3) is a parent continuation-in-part of Application No. 
09/756,573 (No. 4). Rather, Application No. 10/318,500 (No. 3) appears to be a parent 
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continuation-in-part of Application No. 10/302,177 (No. 5). Application No. 10/302,177 
(No. 5) could not directly claim priority from Application No. 09/318,500 (No. 3) because 
the two applications were never copending. In contrast, Application No. 09/318,500 
(No. 3) and Application No. 09/756,573 (No. 4) were copending and the latter 
application could properly claim priority from the former application. 

29. Subsequently, I became involved with the prosecution of Application No. 
10/302,177 (No. 5), and noticed that the priority information set forth on the filing receipt 
did not correspond to that set forth in the transmittal letter. Compare Zook Exhibits 
1021 and 1007, paragraph 9, page 2. I filed a Request for a Corrected Filing Receipt 
(Zook Exhibit 1 01 5) to correct the inconsistency so that the priority information 
corresponded to the priority information set forth in the transmittal letter (Zook Exhibit 
1007, paragraph 9, page 2). At the time, I did not notice the ambiguity. 

30. Subsequently, Application No. 1 0/644,389 (No. 6) was filed by me, and 
Application No. 10/302,177 (No. 5) was abandoned. At the time of filing Application No. 
10/644,389 (No. 6), I made some punctuation changes in the priority claim as recited in 
Application No. 10/302,177 (No. 5) and inserted a reference to that application, but 
otherwise did not change the alternate priority claim from what had been previously 
recited. Compare Zook Exhibits 1006, at paragraph 9, page 2, and 1007, at paragraph 
9, page 2. 

31 . At the time of filing Application No. 10/644,389 (No. 6), I did not realize that the 
priority claim to the alternative chain of applications could be construed to incorrectly 
suggest that Application No. 10/644,389 (No. 6) claimed priority directly from Application 
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No. 09/318,500 (No. 3) (the dash line on Zook Exhibit 1003). However, because these 
two applications were not copending, priority to Application 09/318,500 (No. 3) could 
only be obtained through a chain of continuation and continuation-in-part applications 
including Application No. 09/756,573 (No. 4). 

32. The ambiguous or improper alternative priority claims involving Application No. 
09/318,500 (No. 3) were made by inadvertent unintentional oversight. It was my intent 
at all times that there be a properly claimed alternative priority chain that included 
Application No. 09/318,500 (No. 3). 

33. As noted above in paragraphs 21 and 22, 1 requested an amended Filing Receipt 
in Application No. 10/644,389 (No. 6) because the original Filing Receipt contained 
some erroneous notations. At that time, I did not appreciate any deficiency in the 
alternative priority chain. 

34. Moreover, at no time was I, nor to the best of my knowledge was anyone else 
affiliated with PRC, aware of any deficiency in the priority claims involving Application 
No. 09/318,500 (No. 3) until the defect in the alternative chain was discovered by 
interference counsel after the interference was declared. Thus, the entire delay in 
making the correct priority chain involving Application 09/318,500 (No. 3) has remained 
unintentional at all times. 

35. The correct alternative priority claim in both Application No. 10/302,177 (No. 5) 
and Application No. 10/644,389 (No. 6) should recite "Said Application No. 09/756,573 
(No. 4) is also a continuation-in-part of Application No. 09/318,500 (No. 3), which is a 
divisional of Application No. 08/802,130 (No. 1)." Specifically, Application No. 
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09/756,573 (No. 4) is a continuation in-part of both Application No. 08/928,972 (No. 2) 
and Application No. 09/318,500 (No. 3). 

36. That this error was inadvertent, unintentional and made in good faith is evident in 
that it does not affect entitlement to benefit of the filing date of the earliest application in 
the chain, Application No. 08/802,130 (No. 1). 

37. In signing this Declaration, I understand that the Declaration will be filed as 
evidence in a contested case before the Board of Patent Appeals and Interferences of 
the United States Patent and Trademark Office. I acknowledge that I may be subject to 
cross examination in the case and that cross examination will take place within the 
United States. If cross examination is required of me, I will appear for cross 
examination within the United States during the time allotted for cross examination. 

38. The undersigned further declares that all statements made herein of his own 
knowledge are true and that all statements made on information and belief are believed 
to be true and further that these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willful false 
statements may jeopardize the validity of this application or any patent issuing 



therefrom. 




'WilliarjrR. Lambert 
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I, William J. Uhl, declare that: 

1 . I am a patent attorney registered to practice before the U.S. Patent and 
Trademark Office (USPTO). My registration number is 25,567 

2. I am also an active member of the State Bar of Pennsylvania. 

3. Since 1971 , 1 have been employed as a patent attorney by PPG Industries, Inc., 
One PPG Place, Pittsburgh, PA, 15272. 

4. I have been responsible, inter alia, for patent matters for PRC-DeSoto 
International, Inc. (formerly Courtaulds Aerospace, Inc.), which is a wholly-owned 
subsidiary of PPG Industries, Inc., since about 1999. 

5. During my employment as a patent attorney by PPG, I was involved in directing 
the prosecution of U.S. Application Nos. 08/802,130, 08/928,972, 09/318,500, 
09/756,573, 10/302,177, and 10/644,389, and participated in the prosecution of these 
applications before the USPTO. These applications are part of a chain of divisional, 
continuation, and continuation-in-part applications, the relationship of which is depicted 
in Zook Exhibit 1003. The various relevant applications and patents in the chain of 
applications referred to in Zook Exhibit 1003 are numbered 1 (for the application having 
the earliest filing date) to 6 (for the most recently filed application). For convenience, 
the various applications and patents will be referred to herein by both the application or 
patent number and by the sequential numbers appearing in Zook Exhibit 1003. 

6. In the course of my involvement with the prosecution of U.S. Application No. 
10/302,177 (No. 5), filed on November 21, 2002, and U.S. Application No. 10/644,389 
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(No. 6), filed August 19, 2003, 1 worked with Mr. William R. Lambert, a patent attorney 
employed by the law firm of Finnegan, Henderson, Farabow, Garrett and Dunner 
(Finnegan). 

7. I also worked with Mr. Lambert with regard to filing a reissue application of U.S. 
Patent No. 5,912,319 (No, 1). The reissue application, Application No. 10/788,965, was 
filed on February 25, 2004, along with a request for interference with U.S. Patent Nos. 
6,525,168 and 6,723,827 (respectively, the '168 and '827 patents). 

8. I also worked with Mr. Phil Makrogiannis, a patent attorney employed by 
Finnegan, in the filing of Application No. 10/302,177 (No. 5), which application was filed 
with a preliminary amendment and request for interference on November 21 , 2002. 
Zook Exhibit 1016. 

9. The request for interference filed with Application No. 10/302,177 (No. 5) was 
intended to provoke an interference with Application Nos. 09/802,427 and 10/368,135, 
now the involved '168 and "827 patents, respectively. 

10. At some point after February 25, 2003 (the issuance date of the '168 patent), and 
August 19, 2003, 1 commenced discussions with Mr. Lambert and others regarding the 
possibilities of provoking an interference with the '168 patent. 

1 1 . Application No. 10/644,389 (No. 6 on Zook Exhibit 1003) was filed by Mr. 
Lambert at my direction on August 19, 2003, in contemplation of being used as a 
vehicle for provoking such an interference. It was also contemplated that a reissue of 
U.S. Patent No. 5,912,319 (No. 1) could be used for this purpose. 
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12. At some point prior to February 25, 2004 (one year from the issue date of the 
'168 patent and also the filing date of the reissue of U.S. Patent No. 5,912,319 (No. 1)), 
it was decided to request an interference with the '168 patent in both the reissue 
application and Application No. 10/644,389 (No. 6), Accordingly, I directed Mr. Lambert 
to prepare an application for reissue of U.S. Patent No. 5,912,319 (No. 1), a request for 
interference in the reissue application, and a request for interference in the previously 
filed Application No. 10/644,389 (No. 6). All of these papers were filed by Mr. Lambert 
in the USPTO on February 25, 2004. 

13. I am aware that Application No. 10/644,389 (No. 6) has been placed in 
interference with the 4 168 and '187 patents. I have also been advised that there 
appears to be a break in continuity between Application Nos. 10/302,177 (No. 5) and 
10/644,389 (No. 6). 

THE BREAK IN CONTINUITY 

14. In Application No. 10/302,177 (No. 5), a non-final Office Action with a shortened 
three-month period for response was mailed on February 19, 2003. Zook Exhibit 1004. 
Neither a response nor a petition for extension of time for reply to this Office Action was 
filed in that case. 

15. Application No. 10/644,389 (No. 6) was filed on August 19, 2003, the last day 
that a response could have been filed in Application No. 10/302,177 (No. 5) had a 
petition for extension of time, including the appropriate fee, been filed in that case. 
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16. Failure to file a petition for extension of time in Application No. 10/302,177 (No. 
5) was an inadvertent oversight. Thus, the premature abandonment of that application 
without preserving continuity with Application No. 10/644,389 (No. 6) was unintentional. 

17. That the abandonment of Application No. 10/302,177 (No. 5) without preserving 
continuity with Application No. 10/644,389 (No. 6) was unintentional, and that it was my 
intent and the intent of PRC to preserve continuity, is in part evidenced by the fact that 
Application No. 1 0/644,389 (No. 6) was filed by Mr. Lambert on the last day that 
copendency could have been preserved by filing a petition for extension of time in 
Application No. 10/302,177 (No. 5). There would be no reason to file the application on 
this particular day if copendency was not desired. 

18. Moreover, in the transmittal letter (Zook Exhibit 1006) submitted with Application 
No. 10/644,389 (No. 6), that application was referred to as "a Continuation Application" 
of "pending prior Application No. 10/302,177." Specifically, the first sentence in the 
body of the transmittal letter provides in part: 

This is a request for filing a Continuation Application under 
37 C.F.R. § 1.53(b) of pending prior Application No. 
10/302,177, filed on November 21, 2001 .... 

Application No. 10/644,389 (No. 6) would not have been referred to as a "Continuation," 
and Application No. 10/302,177 (No. 5) would not have been referred to as "pending" if 
Mr. Lambert and I did not believe Application No. 10/302,177 (No. 5) was pending when 
Application No. 10/644,389 (No. 6) was filed. Thus, we clearly intended to preserve, 
and believed we had preserved copendency. 
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1 9. In addition, in paragraph 9 on page 2 of the transmittal letter (Zook Exhibit 1 006), 
the first paragraph of the specification of the newly filed Application No. 10/644,389 (No. 
6) was amended to recite a claim to priority to Application No. 10/302,177 (No. 5) in 
accordance with 37 C.F.R. § 1 .78(a)(2). This amendment would not have been done 
had Mr. Lambert and I not intended to preserve copendency with the prior application. 

20. Although a Notice of Abandonment (Zook Exhibit 1005) was received in 
Application No. 10/302,177 (No. 5), it does not indicate when that application went 
abandoned, therefore I was unaware it was prematurely abandoned. 

21 . Furthermore, Application No. 10/644,389 (No. 6) was filed for the purpose of 
provoking an interference with the '168 patent. Clearly, it would be illogical to file that 
application for purposes of provoking an interference while intentionally breaking 
continuity with the chain of earlier cases and thus losing the right to rely on these cases 
for priority purposes. This is especially self evident given the earliest priority date 
(February 19, 1997) available for Application No. 10/644,389 (No. 6) compared to the 
earliest priority date available for the '168 patent (March 9, 2000). 

22. The Filing Receipt (Zook Exhibit 1011) for Application No. 10/644,389 (No. 6) 
dated November 19, 2003, Request for Corrected Filing Receipt (Zook Exhibit 1012), 
and grant of the Request for Corrected Filing Receipt (Zook Exhibit 1013) indicated to 
me that the claim in Application No. 10/466,389 (No. 6) to priority from Application No. 
10/302,177 (No. 5) was correct and proper. 

23. After Mr. Lambert left the Finnegan firm, I assumed primary responsibility for 
prosecution of Application No. 10/644,389 (No. 6). On January 5, 2006, 1 participated in 
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an interview with Examiner Due Truong and Finnegan attorneys Charles E. Van Horn 
and Jerry Voight where we discussed what claims of Application No. 10/466,389 (No. 6) 
would be entitled to the benefit of priority of Application No. 08/802,130 (No. 1). As 
recorded by Examiner Truong in the Interview Summary (Zook Exhibit 1017), certain 
claims were understood by all present to be entitled to the earlier filing date of 
Application No. 08/802,130, which necessarily requires that all present believed there 
was copendency between Application Nos. 10/302,177 (No. 5) and 10/644,389 (No. 6). 

24. On January 1 3, 2006, an Associate Power of Attorney or Agent (Zook Exhibit 
1018) was filed naming me as an Associate Attorney in Application No. 10/644,389 (No. 
6), along with a Reply to Office Action (Zook Exhibit 1019) taking into account the 
Interview with Examiner Due Truong. I believed that the amendment included in the 
Reply would place the claims in condition for a declaration of interference with U.S. 
Patent 6,525,168 and Application No. 10/368,135 (U.S. Patent 6,723,827). 

26. On May 19, 2006, 1 filed a Request to Correct Inventorship in Application 
10/644,389 (No. 6) in light of claim amendments directed to what I understood to be 
subject matter of the proposed interference with U.S. Patents 6,525,168 and 6,723,827. 

27. On September 12, 2006, I signed a Response (Zook Exhibit 1020), which states 
that U.S. Patent Nos. 6,525,168 and 6,723,827 were not prior art to the claims of 
Application No. 10/644,389 (No. 6); this statement was made in the belief that there was 
no break in copendency. 
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28. Subsequent to the Response filed September 12, 2006, nothing substantive 
occurred in Application No. 10/644,389 (No. 6) until the Declaration of interference on 
July 10, 2007, and I was never alerted to any break in copendency. 

29. To the best of my knowledge, neither I nor anyone affiliated with PRC ever 
intended to abandon Application No. 10/302,177 (No. 5) without preserving 
copendency, or was aware of the inadvertent premature abandonment of that 
Application until the break in continuity was discovered by interference counsel after the 
interference was declared. Thus, the abandonment and delay in filing a petition for 
extension of time in Application No. 10/302,177 (No. 5) has remained unintentional at all 
times. 

THE INCORRECT CLAIM TO THE 
ALTERNATIVE CHAIN OF PRIORITY APPLICATIONS 

30. In addition to the chain of priority cases discussed above, Application No. 
10/644,389 (No. 6) includes an alternative priority chain that involves Application No. 
09/318,500 (No. 3). 

31 . Specifically, the main chain of priority applications begins with Application No. 
08/802,130 (No. 1), and runs through Application Nos. 08/928,972 (No. 2), 09/756,573 
(No. 4), and 10/302,177 (No. 5) to the application currently involved in the interference, 
Application No. 10/644,389 (No. 6). The alternate chain of priority applications also 
begins with Application No. 08/802,130 (No. 1) and runs through Application Nos. 
09/318,500 (No. 3), 09/756,573 (No. 4), and 10/302,177 (No. 5) to Application No. 
10/644,389 (No. 6). See Zook Exhibit 1003 (in the exhibit, the correct chains of priority 
cases are connected by solid lines). 
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32. Application No. 09/756,573 (No. 4) (now U.S. Patent No. 6,509,418), the first 
application in the relevant chain of applications that could have claimed priority to 
Application No. 09/318,500 (No. 3), properly recited both the alternative chain that 
includes Application No. 09/318,500 (No. 3) and the chain that does not. Specifically, in 
the alternative priority chain, as set forth in Application No. 09/756,573 (No. 4), that 
application is properly identified as a continuation-in-part of Application No. 09/318,500 
(No. 3), which application is a divisional of Application No. 08/802,130 (No. 1 ). See 
Zook Exhibit 1014, first paragraph of Col 1 . 

33. Application No. 10/302,177 (No. 5) was filed with a slight change to the wording 
of the alternative priority claim from what it had been in Application No. 09/756,573 (No. 
4). See Zook Exhibits 1014 and 1007, paragraph 9, page 2. Because the wording was 
changed only slightly, the alternative priority claim was ambiguous and it was not clear 
Application No. 09/318,500 (No. 3) is a parent continuation-in-part of Application No. 
09/756,573 (No. 4). Rather, Application No. 10/318,500 (No. 3) appears to be a parent 
continuation-in-part of Application No. 10/302,177 (No. 5). Application No. 10/302,177 
(No. 5) could not directly claim priority from Application No. 09/318,500 (No. 3) because 
the two applications were never copending. In contrast, Application No. 09/318,500 
(No. 3) and Application No. 09/756,573 (No. 4) were copending and the latter 
application could properly claim priority from the former application. 

34. Subsequently, Mr. Lambert became involved with the prosecution of Application 
No. 10/302,177 (No. 5), and noticed that the priority information set forth on the filing 
receipt did not correspond to that set forth in the transmittal letter. Compare Zook 
Exhibits 1021 and 1007, paragraph 9, page 2. He filed a Request for a Corrected Filing 
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Receipt (Zook Exhibit 1015) to correct the inconsistency so that the priority information 
corresponded to the priority information set forth in the transmittal letter (Zook Exhibit 
1007, paragraph 9, page 2). At the time, I did not notice the ambiguity. 

35. Subsequently, Application No. 10/644,389 (No. 6) was filed by Mr. Lambert, and 
Application No. 10/302,177 (No. 5) was abandoned. At the time of filing Application No. 
10/644,389 (No. 6), Mr. Lambert made some punctuation changes in the priority claim 
as recited in Application No. 10/302,177 (No. 5) and inserted a reference to that 
application, but otherwise did not change the alternate priority claim from what had been 
previously recited. Compare Zook Exhibits 1006, at paragraph 9, page 2, and 1007, at 
paragraph 9, page 2. 

36. At the time of filing Application No. 10/644,389 (No. 6), I did not realize that the 
priority claim to the alternative chain of applications could be construed to incorrectly 
suggest that Application No. 10/644,389 (No. 6) claimed priority directly from Application 
No. 09/318,500 (No. 3) (the dash line on Zook Exhibit 1003). However, because these 
two applications were not copending, priority to Application 09/318,500 (No. 3) could 
only be obtained through a chain of continuation and continuation-in-part applications 
including Application No. 09/756,573 (No. 4). 

37. The ambiguous or improper alternative priority claims involving Application No. 
09/318,500 (No. 3) were made by inadvertent unintentional oversight. It was my intent 
at all times that there be a properly claimed alternative priority chain that included 
Application No. 09/318,500 (No. 3). 



9 



38. As noted above in paragraph 22, where Mr. Lambert obtained a corrected filing 
receipt for other reasons, I did not appreciate any deficiency in the alternative priority 
chain. 

39. Moreover, at no time was I, nor to the best of my knowledge was anyone else 
affiliated with PRC, aware of any deficiency in the priority claims involving Application 
No. 09/318,500 (No. 3) until the defect in the alternative chain was discovered by 
interference counsel after the interference was declared. Thus, the entire delay in 
making the correct priority chain involving Application 09/318,500 (No. 3) has remained 
unintentional at all times. 

40. The correct alternative priority claim in both Application No. 10/302,177 (No. 5) 
and Application No. 10/644,389 (No. 6) should recite "Said Application No. 09/756,573 
(No. 4) is also a continuation-in-part of Application No. 09/318,500 (No. 3), which is a 
divisional of Application No. 08/802,130 (No. 1)." Specifically, Application No. 
09/756,573 (No. 4) is a continuation in-part of both Application No. 08/928,972 (No. 2) 
and Application No. 09/318,500 (No. 3). 

41 . That this error was inadvertent, unintentional and made in good faith is evident in 
that it does not affect entitlement to benefit of the filing date of the earliest application in 
the chain, Application No. 08/802,130 (No. 1). 

42. In signing this Declaration, I understand that the Declaration will be filed as 
evidence in a contested case before the Board of Patent Appeals and Interferences of 
the United States Patent and Trademark Office. I acknowledge that I may be subject to 
cross examination in the case and that cross examination will take place within the 
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United States. If cross examination is required of me, I will appear for cross 
examination within the United States during the time allotted for cross examination. 

43. The undersigned further declares that all statements made herein of his own 
knowledge are true and that all statements made on information and belief are believed 
to be true and further that these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willful false 
statements may jeopardize the validity of this application or any patent issuing 



Date: £ fl^TPtscR, By:_ Ifflu^ S -Mil 



therefrom. 




William J. Uhl 
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Application No. 09/756.573 

PATENT 
Customer No. 22,852 
Attorney Docket No. 8303.0042-04 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 



Group Art Unit: 1712 
Examiner: To Be Assigned 



OFFICE OF INITIAL PATENT EXAMINATION 



Jonathan D. ZOOK et al. 

Application No.: 09/756,573 

Filed: January 8, 2001 

For: SEALANTS AND POTTING 

FORMULATIONS INCLUDING 
M E RC APTO-TER M I N ATED 
POLYMERS PRODUCED BY 
THE REACTION OF A 
POLYTHIOL AND POLYVINYL 
ETHER MONOMER 

Assistant Commissioner 
for Patents 
Washington, DC 20231 

Sir: 

REQUEST FOR CORRECTED FILING RECEIPT 

We are forwarding herewith a copy of a Filing Receipt for the above-identified 
patent application. As indicated in ink on the attached copy, there are two errors in the 
Filing Receipt. The first error is the first name and middle initial of the second inventor; 
the name should be Susan E. DeMoss. The second error is under the Domestic Priority 
Data as claimed by Applicants. The text should read: 

--This application is a CIP of 08/928,972 09/12/1997 PAT 6,172,179 which is a 
CIP of 08/802.130 02/19/97 PAT 5.912,319. This application is also a CIP of 
09/318.500 05/25/1999 PAT 6.232,401 which is a DIV of 08/802.130 02/19/97 PAT 



ZOOK EXHIBIT 1026 
Zook v. Zook 

Interference No. 105,555 (MPT) 



Application No. 09/756,573 

5,912,319. This application 09/756,573 claims benefit of 60/215,548 06/30/2000 and 
claims benefit of 60/182,396 02/14/2000.- 

It is respectfully requested that a corrected Filing Receipt be issued as soon as 
possible. 

If there is any fee due in connection with the filing of this Request, please charge 
the fee to our Deposit Account No. 06-0916. 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, LLP. 



Dated: June 12, 2001 

Phil tfZ^krogFannis 
Reg. No. 47,766 
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&1k(tep States Pate^ I^emark Office 




COMMISSIONER rO« RkTCWTB 

United ST«rra RctNT anoTraocmark Ornct 

. D.C. 20231 
vwv.uspuigcv 



| APPLICATION NUMBER | FtUNG~DATE j GRP ART UNIT \ BL FEE RECO |ATTY .DOCKET .NO{ DRAWfrIGS j TOT CLAIMS j tNDCUUMS | 

09/756,573 01/08/2001 1712 808 OC-573A1 2 21 4 



PPG INDUSTRIES INC. 
Intellectual Property Department 
One PPG Place 
Pittsburgh, PA 15272 



CONFIRMATION NO. 6960 
CORRECTED FILING RECEIPT 



Date Mailed: 05/04/2001 



Receipt is acknowledged of this nonprovisional Patent Application. It will be considered in its order and you 
will be notified as to the results of the examination. Be sure to provide the U.S. APPLICATION NUMBER, 
FILING DATE, NAME OF APPLICANT, and TITLE OF INVENTION when inquiring about this application. 
Fees transmitted by check or draft are subject to collection. Please verify the accuracy of the data presented 
on this receipt. If an error is noted on this Filing Receipt, please write to the Office of Initial Patent 
Examination's Customer Service Center. Please provide a copy of this Filing Receipt with the 
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please 
submit any corrections to this Filing Receipt with your reply to the Notice. When the USPTO 
processes the reply to the Notice, the USPTO will generate another Filing Receipt incorporating the 
requested corrections (if appropriate). 



Applicant(s) 

Susan £T, 



Jonathan D. Zook, Santa Clarita, CA; 
- €uzonno G. DeMoss, Van Nuys, CA; 
David W. Jordan, Northridge, CA; 
Chandra B. Rao, Valencia, CA; 
Hakam Singh, Bradbury, CA; 
Ahmed Sharaby, Canyon Country, CA; 



Domestic Priority data as claimed by applicant 

THIS APPLICATION IS A CIP OF 08/928,972 09/12/1997 PAT 6,172,179 

-WH4GW-te A CIP OF 09/318,500 05/25/1999 PAT 6,232,401 

THIS APPLICATION 09/756,573 

CUVIMS BENEFIT OF 60/215,548 06/30/2000 

AND CLAIMS BENEFIT OF 60/182,396 02/14/2000 



to 



(Wh'tcA Is 
V disc 



Foreign Applications 



\ of cs/SeijOc 



Projected Publication Date: To Be Determined - pending completion of Missing Parts 
Non-Publication Request: No 



Early Publication Request: No 
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Title 

Sealants and potting tormulations including mercapto-terminated polymers produced by the 
reaction of a polythio! and polyvinyl ether monomer 

Preliminary Class 
528 



Data entry by : DADE JR. THEODORE Team : OIPE Date: 05/04/2001 
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LICENSE FOR FOREIGN FILING UNDER 
Title 35, United States Code, Section 184 
Title 37, Code of Federal Regulations, 5.11 & 5.15 

GRANTED 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN 
FILING LICENSE GRANTED - followed by a date appears on this form. Such licenses are issued in all 
applications where the conditions for issuance of a license have been met, regardless of whether or not a 
license may be required as set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 
37 CFR 5.15(a) unless an earlier license has been issued under 37 CFR 5.15(b). The license is subject to 
revocation upon written notification. The date indicated is the effective date of the license, unless an earlier 
license of similar scope has been granted under 37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date 
thereof unless it is revoked. This license is automatically transferred to any related applications(s) filed under 
37 CFR 1 .53(d). This license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject 
matter as imposed by any Government contract or the provisions of existing laws relating to espionage and 
the national security or the export of technical data. Licensees should apprise themselves of current 
regulations especially with respect to certain countries, of other agencies, particularly the Office of Defense 
Trade Controls, Department of State (with respect to Arms, Munitions and Implements of War (22 CFR 121- 
128)); the Office of Export Administration, Department of Commerce (15 CFR 370.10 (j)); the Office of 
Foreign Assets Control, Department of Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at Ihis time, if the phrase IF REQUIRED, FOREIGN 
FILING LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 
37 CFR 5.12, if a license is desired before the expiration of 6 months from the filing date of the application. If 
6 months has lapsed from the filing date of this application and the licensee has not received any indication of 
a secrecy order under 35 U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15 
(b). 

■s 

PLEASE NOTE the following information about the Filing Receipt: 

• The articles such as n a," "an" and "the" are not included as the first words in the title of an application. 
They are considered to be unnecessary to the understanding of the title. 

• The words "new," "improved," "improvements in" or "relating to" are not included as first words in 
the title of an application because a patent application, by nature, is a new idea or improvement. 

• The title may be truncated if h consists of more than 500 characters (letters and spaces combined). 

• The docket number allows a maximum of 25 characters. 

• If your application was submitted under 37 CFR 1.10, your filing dale should be the "date in* found on 
the Express Mail label. If there is a discrepancy, you should submit a request for a corrected Filing 
Receipt along with a copy of the Express Mail label showing the "date in." 

• The title is recorded in sentence case. 



Any corrections that may need to be done to your Filing Receipt should be directed to: 



Assistant Commissioner for Patents 
Office of initial Patent Examination 
Customer Service Center 
Washington, DC 20231 



Paper No. 



Filed on behalf of: Senior Party Jonathan D. Zook 
By: Jerry D. Voight 
Wesley B. Derrick 

FINNEGAN, HENDERSON, FARABOW, 

GARRETT & DUNNER, LLP. 
3300 Hillview Avenue 
Palo Alto, California 94304 
Telephone: 650.849.6600 
Facsimile: 650.849.6666 



UNITED STATES PATENT AND TRADEMARK OFFICE 



BEFORE THE BOARD OF PATENT APPEALS 
AND INTERFERENCES 



JONATHAN D. ZOOK, DAVID W. JORDAN, DEAN M. WILLARD, 
GEORGE JONES, AND MICHAEL COSMAN, 
Junior Party ("PBT") 
(U.S. Patents 6,525,168 and 6,723,827), 

v. 

JONATHAN D. ZOOK, SUSAN E. DEMOSS, 
DAVID W. JORDAN AND CHANDRA B. RAO 
Senior Party ("PRC") 
(U.S. Application 10/644,389). 



Patent Interference No. 105,555 (MPT) 
(Technology Center 1700) 



DECLARATION OF PHILIPPE N. MAKROGIANNIS 
ZOOK EXHIBIT 1027 



ZOOK EXHIBIT 1027 
Zook v. Zook 

Interference No. 105,555 (MPT) 



I, Philippe N. Makrogiannis, declare that: 

1 . I am a patent attorney registered to practice before the U.S. Patent and 
Trademark Office (USPTO). My registration number is 47,766. 

2. I am also an active member of the State Bar of California. 

3. I am currently employed as a patent attorney by Applied Biosystems, Inc., 850 
Lincoln Centre Drive, Foster City, CA 94404. 

4. Prior to my employment by Applied Biosystems, Inc., I was employed as a patent 
attorney from about November 1999 to November 2002 by the law firm of Finnegan, 
Henderson, Farabow, Garrett and Dunner (Finnegan) in their California office now 
located at 3300 Hillview Drive, Palo Alto, CA 94304. 

5. During the time I was employed by Finnegan I was responsible for a number of 
patent matters for the firm client PRC-DeSoto International, Inc. (formerly Courtaulds 
Aerospace, Inc.), a wholly-owned subsidiary of PPG Industries. 

6. Among the matters I worked on were U.S. Application Nos. 09/756,573, filed on 
January 8, 2001, and 10/302,177, filed on November 21, 2002. These applications are 
part of a chain of divisional, continuation, and continuation-in-part applications, the 
relationship of which is depicted on Zook Exhibit 1003. The various relevant 
applications and patents in the chain of applications referred to in Zook Exhibit 1003 are 
numbered 1 (for the application having the earliest filing date) to 6 (for the most recently 
filed application). For convenience, the various applications and patents will be referred 
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to herein by both the application or patent number and by the sequential numbers 
appearing in Zook Exhibit 1003. 

7. Application No. 10/302,177 (No. 5) was filed with a preliminary amendment and 
request for interference on November 21, 2002. Zook Exhibit 1016. The application 
transmittal for the *177 application (No. 5) further directed the amendment of the 
specification to recite a priority claim that included Application No. 09/318,500 (No. 3). 

8. I have been advised that Application No. 10/644,389 (No. 6) has been placed in 
interference with U.S. Patent Nos. 6,525,168 and 6,723,389 (respectively, the '168 and 
*187 patents). 

9. I have also been advised that Application No. 10/644,389 (No. 6) includes an 
alternative priority chain that involves Application No. 09/318,500 (No. 3). 

10. Specifically, the main chain of priority applications begins with Application No. 

i 

08/802,130 (No. 1), and runs through Application Nos. 08/928,972 (No. 2), 09/756,573 
(No. 4), and 10/302,177 (No. 5) to the application currently in the interference, 
Application 10/644,389 (No. 6). The alternate chain of priority applications should also 
begin with Application No. 08/802,130 (No. 1) and run through Application Nos. 
09/318,500 (No. 3), 09/756,573 (No. 4), and 10/302,177 (No. 5) to Application No. 
10/644,389 (No. 6). See Zook Exhibit 1003 (in the exhibit, the correct chains of priority 
cases are connected by solid lines). 

1 1 . Application No. 09/756,573 (No. 4) (now U.S. Patent No. 6,509,41 8), the first 
application in the relevant chain of applications that could have claimed priority to 
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Application No. 09/318,500 (No. 3), properly recited both the alternative chain that 
includes Application No. 09/318,500 (No. 3) and the chain that does not. Specifically, in 
the alternative priority chain, as set forth in Application No. 09/756,573 (No. 4), that 
application is properly identified as a continuation-in-part of Application No. 09/318,500 
(No. 3), which application is a divisional of Application No. 08/802,130 (No. 1). See 
Zook Exhibit 1 014, first paragraph of Col 1 . 

12. During prosecution of the '573 application (No. 4), I became aware of an error in 
the Domestic Priority Data as claimed by Applicants in the Corrected Filing Receipt 
issued by the Patent Office and filed a Request for Corrected Filing Receipt on June 12, 
2001 . Exhibit 1 026. This request correctly set forth, again, the relationship between the 
c 573 application and the '500 application, which relationship is that set forth in the first 
paragraph of U.S. Patent No. 6,509,418, the patent which issued from the '573 
application. See Zook Exhibit 1014, first paragraph of Col 1 . 

13. Application No. 10/302,177 (No. 5) was filed with a slight change inpunctuation 
and wording to reflect the continuity from Application No. 09/756,573 (No. 4). See Zook 
Exhibits 1014 and 1007, paragraph 9, page 2. Because of the change in punctuation, 
along with minor changes in wording, one may be confused and not recognize from the 
alternative priority claim that Application No. 09/318,500 (No. 3) is a parent 
continuation-in-part of Application No. 09/756,573 (No. 4). Instead of recognizing the 
proper alternative priority, one may misinterpret the priority claim recited and read that 
Application No. 10/318,500 (No. 3) is a parent continuation-in-part of Application No. 
10/302,177 (No. 5). Application No. 10/302,177 (No. 5) could not directly claim priority 
from Application No. 09/318,500 (No. 3) because the two applications were never 
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copending. In contrast, Application No. 09/318,500 (No. 3) and Application No. 
09/756,573 (No. 4) were copending and the latter application could properly claim 
priority from the former application. 

14. Subsequent to filing Application No. 10/302,177 (No. 5) on November 21 , 2002, 
with the preliminary amendment and request for interference (Zook Exhibit 1016), I left 
the Finnegan Firm and had no further involvement with the prosecution of Application 
No. 10/302,177 (No. 5). 

15. At the time of filing Application No. 10/302,177 (No. 5), I did not realize that the 
priority claim to the alternative chain of applications could be construed to incorrectly 
suggest that Application No. 10/302,177 (No. 5) claimed priority directly from Application 
No. 09/318,500 (No. 3) (the dash line on Zook Exhibit 1003). However, because these 
two applications were not copending, priority to Application 09/318,500 (No. 3) could 
only be obtained through a chain of continuation and continuation-in-part applications 
including Application No. 09/756,573 (No. 4). 

16. The alternative priority claim involving Application No. 09/318,500 (No. 3) that 
could be improperly construed and misinterpreted was never intended to allow for 
improper interpretation; any shortcoming was inadvertent and unintentional. It was my 
intent at all times that there be a properly claimed alternative priority chain that included 
Application No. 09/318,500 (No. 3). 

17. Moreover, at no time was I, nor to the best of my knowledge was anyone else 
affiliated with PRC, aware of any deficiency in the priority claims involving Application 
No. 09/318,500 (No. 3) until the defect in the alternative chain was discovered by 
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interference counsel after the interference was declared. Thus, the entire delay in 
making the correct priority chain involving Application 09/318,500 (No. 3) has remained 
unintentional at all times. 

18. The correct alternative priority claim in both Application No. 10/302,177 (No. 5) 
and Application No. 10/644,389 (No. 6) should recite "Said Application No. 09/756,573 
(No. 4) is also a continuation-in-part of Application No. 09/318,500 (No. 3), which is a 
divisional of Application No. 08/802,130 (No. 1)." Specifically, Application No. 
09/756,573 (No. 4) is a continuation in-part of both Application No. 08/928,972 (No. 2) 
and Application No. 09/318,500 (No. 3). 

19. That this deficiency was inadvertent, unintentional and made in good faith is 
evident in that it does not affect entitlement to benefit of the filing date of the earliest 
application in the chain, Application No. 08/802,130 (No. 1). 

20. In signing this Declaration, I understand that the Declaration will be filed as 
evidence in a contested case before the Board of Patent Appeals and Interferences of 
the United States Patent and Trademark Office. I acknowledge that I may be subject to 
cross examination in the case and that cross examination will take place within the 
United States. If cross examination is required of me, I will appear for cross 
examination within the United States during the time allotted for cross examination. 

21 . The undersigned further declares that all statements made herein of his own 
knowledge are true and that all statements made on information and belief are believed 
to be true and further that these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine or imprisonment, or both, 



5 



under Section 1001 of Title 18 of the United States Code and that such willful false 
statements may jeopardize the validity of this application or any patent issuing 
therefrom. 

Date: OS/lvO?- 

Philippe N. Makrogiannis 
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PATENT 
58179-5005 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re patent application of: 
Jonathan ZOOK et aL 

A Divisional Application of 08/802,130 



Group Art Unit: 
Examiner: 



Serial No. UNASSIGNED 



Filed: 



For: COMPOSITION AND METHOD 

FOR PRODUCING FUEL 
RESISTANT LIQUID 
POLYTHIOETHER POLYMERS 
WITH GOOD LOW 
TEMPERATURE FLEXIBILITY 



CERTIFICATE OF MAILING 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

I hereby certify that a Divisional Patent Application Under 37 CFR 
11.53(b); Specification - 54 Pages; Transmittal Form 1082; Two (2) pages 
Formal Drawings; Copy of Declaration; and return postcard are being deposited 
with the United States Postal Service, postage prepaid, Express Mail No. 
FL147380746US on the date indicated below and addressed to: Assistant 
Commissioner for Patents, Washington, D.C. 20231. 

May 25, 1999 

(Date of Deposit) 

DAVID J. MEYER 

(Name of Person Mailing Paper or Fee) 

t' (Signature) 
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ZOOK EXHIBIT 1028 
Zook v. Zook 

Interference No. 105,555 (MPT) 



FORM PTO- 1082 

ASSISTANT COMMISSIONER FOR PATENTS 
Washington, D C. 20231 



EXPRESS MAIL NO. EL147380746US 
Case Docket No. S8179-S002 
Date: May tt. 1999 



Sir: 

Transmitted herewith for filing is a Divisional patent application of 08/802,130 under 37 CFR §1 53(b) of: 
Inventor(s): Jonathan Doherty ZOOK. Suzarma GIBSON, David Weldon JORDAN and Chandra B. RAO 

For: COMPOSITION AND METHOD FOR PRODUCING FUEL RESISTANT LIQUID POLYTHIOETHER POLYMERS WITH 
GOOD LOW TEMPERATURE FLEXIBILITY 

Enclosed are: 

Two Sheet(s) of drawing (■ formal □ informal) + extra copies 

□ An assignment of the invention to . 

Q Will follow. " 

□ A certified copy of ; 

from which priority is claimed in the subject case pursuant to Rule 55(b) and 35 USC 1 19(aWd) 

□ Will follow. 

□ Power of Attorney by Assignee and Exclusion of Inventor Under Rule 3.71 . 

O A Verified Statement to Establish Small Entity Status under 37 CFR 1 .9 and 37 CFR 1.27. 
■ Copy of the Declaration 

□ Recordation Form Cover Letter (Form PTO 1595) 

□ Information Disclosure Statement (Form PTO 1449), with attachments 

□ Petition to Make Special under 37 CFR § 1 . 102 and MPEP §708.02(VIII). 



FOR: 


NO. FILED 


NO. EXTRA 


SMALL ENTITY 


OR 


OTHER THAN SMALL ENTITY 


RATE 


FEE 


RATE 


FEE 


BASIC FEE 








S 380 






J 760 


TOTAL CLAIMS 


24 - 20 


4 


A 9 - 


S 


OR 


x 18 - 


S 72 


tNDEP CLAIMS 


3 




*39 * 


S 


OR 


X 78 w 


$ 


MULTIPLE DEPENDENT CLAIMS PRESENTED 


+ J130 






+ 5260 




TOTAL 




5 






J 832 



□ Please charge my Deposit Account No. 10-0440 the amount of $ . A duplicate copy of this sheet is enclosed. 

□ A check in the amount of $ to cover the filing fee is enclosed. 

□ Check for $40.00 covering Recordation of Assignment fee enclosed. 

□ The Commissioner is hereby authorized to charge payment of the following fees associated with this communication or credit 
any overpayment to Deposit Account No. 10-0440. A duplicate copy of this sheet is enclosed, 

□ Any additional filing fees required under 37 CFR 1.16. 

D Any patent application processing tees under 37 CFR 1. 17. 

□ The Commissioner is hereby authorized to charge payment of the following fees during the pendency of this application or 
credit any overpayment to Deposit Account No. 10-0440. A duplicate copy of this sheet is enclosed. 

□ Any patent application processing fees under 37 CFR 1.17. 

□ The issue fee set in 37 CFR 1.18 at or before mailing of the Nonce of Allowance, pursuant to 37 CFR 1 .3 1 1(b). 

□ Airy filing fees under 37 CFR 1 . 16 for presentation of extra claims . 

Respectfully submitted, 



JEFFER, MANGELS, BUTLER & MARMARO LLP 

TENTH FLOOR 

2121 AVENUE OF THE STARS 

LOS ANGELES , CALIFORNIA 90067 

Telephone: (310)203-8080 

Facsimile: (310)203-0567 

iro.iou.irrr 




PATENT (U.S.A.! 
ATTORNEY'S OOCKET NO. 58179-5002 



DECLARATION 

■ ORIGINAL 

□ CONTINUATION 

D DIVISIONAL 

As a below named inventor. I declare that the information given harein is true, that I believe that ! am the original, first and sola inventor if onlv one name 
^^ s . led a1 1 bBlow . ° r » jo> n t inventor if plural inventors are named below at 1-4, of the invention entitled: 

COMPOSITION AND METHOD FOR PROOUCING FUEL RESISTANT LIQUID POLYTHIOETHER POLYMERS WITH GOOD LOW TEMPERATURE FLEXIBILITY 



Which is described and claimed in: 

■ (he attached specification or 

D the specification in application Serial No. .. filed □ as amended on 

(for declaration not accompanying application) ~" (IT applicable) 

and l 0 f which a patent is sought, and that my residence, poet office address and citizenship are as stated below next to my name. 

I acknowledge my duty to disclose information which is materiel to the examination of this application in accordance with Title 37. Code of Federal 

Regulations 11. 56(a). 

» hereby state that I have reviewed and understand the contents of the above identified specification, including the claims, as amended by any amendment 
referred to above. 

i hereby claim foreign priority benefits undef Title 3$. United States Code. 1119 (aMdl of any foreign applications) for patent or inventor's certificate listed 
below end have also identified below any foreign applicetlon for patent or inventor's certificate having a filing date before that of the application on which 
priority is claimed: 





PRIOR FOREIGN APRJCATlON(S) 




COUNTRY 


APPLICATION NUMBER ' 


DATE OF FILING (day/month/year) 


PRIORITY CLAIMED UNDER 35 UCS 1119 








0 YES O NO 








□ YES □ NO 



I hereby claim the benefit under Title 35. United States Code, 1119(e) of any United States provsional application!*) listed below: 



APPLICATION SERIAL NO. 



FILING DATE 



i hereby claim the benefit under Title 35. United States Code, ! 120 of any United States application!*! listed below and, insofar as the subject matter of 
each of the claims of this application is not disclosed in the prior United States application in the manner provided by the first paragraph of Title 35, United 
States Code 1120. I acknowledge the duty to disclose material information as defined in Title 37, Code of Federal Regulations. H.56la) which occurred 



j APPLICATION SERIAL NO. 


FILING DATE 


STATUS 








1 







Send correspondence to: 

JEFFEfl. MANGELS, BUTLER & MARMARO LLP 

Tenth Floor 

2121 Avenue of the Stars 
Los Angeles, California 90067 



DIRECT TELEPHONE CALLS TO: Rod S. Barman. Esq. 
(Name and telephone number) (310) 203-8080 
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ABSTRACT 



A polythioether includes a structure having the formula I 



-r'H-S~-<c!u>---o-i— R ? - 



wherein 

R 1 denotes a divalent C 2 _ 6 n-alkyl, C^ b hranched alky I, C ft . H 
cyeloalkyl or C & 10 alky levcloa Iky 1 group, — [( — CH- — ) 
-X— W-CH 2 -),— , or -{(-CIL— ) -X-l,- 
( — CU 2 — ) r — in which at least one — CH 2 — unit is 
substituted with a methyl group, 

R 2 denotes methylene, a divalent C 2 . 6 n-alkyl, C 2 . 6 hranched 
alkyl, C 6 . H cyeloalkyl or C 6 . 10 alkylcycloalkyl group, or 

_[ ( _ch 2 -) -x—i,-(-cn 2 -) r —, 

X denotes one selected trom the group consisting of O, S and 

— NR°, 
R 6 denotes H or methyl, 
rn is a rational number from 0 to 10, 
n is an integer from 1 to 60, 
p is an integer from 2 to 6, 
q is an integer from 0 to 5, and 
r is an integer from 2 to 10. 

The polythioether is a liquid at room temperature and 
pressure. 

11 Claims, 2 Drawing Sheets 
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COMPOSITION FOR PRODUCING FUKL have Ihc disadvantage, however, of reduced fuel resistance 

RESISTANT LIQUID POLYTHIOETHKR clue lo ihe large number of pendent methyl groups lhal are 

POLYMERS WITH GOOD LOW present. In addition, residual catalyst from the disclosed 

TEMPERATURE FLEXIBILITY process generates undesirable aqueous acidic waste. 

- s Cameron, U.S. Pat. No. 5,225,472, discloses production 

This application is a divisional of Ser. No. (18/802,130 0 f polythiocther polymers by the acid-catalvzed condensa- 

liled Feb. 19, 1997 now U.S. Pat. No. 5,912,319. n on of dithiols with active carbonyl compounds such as 

FIELD OF THE INVENTION 1S2 w ^ ^ ****** 

Ilie present invention relates lo liquid polythioether poly- 10 The addition polymerization of aliphatic dithiols wilh 

mers lhal have good low temperature flexibility and fuel diene monomers has been described in the literature. See, 

resistance when cured. The invention is also directed to e.g., Klemm, H. ct al., J. Macnmol ScL—* Chem., A28(9), pp. 

methods for making the polymers by reacting polythiols 875-883 (1991); Nuyken. (). el al., Makromol Chem., Rapid 

with oxygenated dicnes (divinyl ethers) which substantially Cummun. II, 365-373 (1990). However, neither Klemm et 

eliminate malodorous condensed cyclic by-products. 15 al. nor Nuyken suggest selection of particular starling 

materials, specifically divinyl ethers and dithiols, such that 
a polymer is formed that is liquid at room temperature and, 

Thiol -terminated sulfur-containing polymers are known upon curing, has excellent low-tempera hire flexibility (low 

to be well-suited for use-in aerospace sealants due to their ^ 1*) and high resistance to fuels, i.e., hydrocarbon fluids. Nor 

fuel resistant nature upon cross-linking. Among the com- " do Klemm et al. suggest production of a polymer lhal in 

mercially available polymeric materials which have sufll- addition is curable at room or lower temperatures. Moreover, 

cient sulfur content lo exhibit this desirable property are the Ihe reactions disclosed by Klemm el al. also generate 

polysulhdc poly formal polymers described, e.g., in U.S. Pat. undesirable cyclic byproducts. 
No. 2,466,963, and the alkyl side chain containing polythio- 

ether polyether polymers described, e.g., in U.S. Pat. No. SUMMARY OF THE PREFERRED 

4,366,307 to Singh el al. Materials useful ill this context also EMBODIMENTS 

have the desirable properties of low temperature flexibility , Q accordancc wilh one aspecl of lhe present invcnlion> 

(low gla*s irans.l.on temperature I,) and liquidity at room lherc is provide(j a po|ylhiocthcr having lhe formula , 

temperature. 

An additional desirable combination of properties for — R 1 — [ — s — (Clf ? j 3 — O — ( — R*' — o — LCCH^-z—s — R 1 — i, — I 
aerospace sealants which is much more difficult to obtain is 

the combination of long application time (i.e., the time wherein 

during which the sealant remains usable) and short curing R denotts a divalent C 2 „ 6 n-alkyl, C\ 6 branched alkyl, C 6 . 8 

time (the time required to reach a predetermined strength). ?s cycloalkyl or C 6 . 10 alkylcycloalkyl group, — {(— CH 2 _)^ 

Singh et al., U.S. Pat. No. 4,366,307, disclose such matcri- *~ — X ~ lr~<— OI ; — ) r — , or — [(— CH 2 — X— \— 

als. Singh et al. teach the acid-calaly/.ed condensation of (— CH 2 — ) — in which at least one — CH.— unit is 

hydroxyl-functional thioethers. The hvdroxyl groups are in substituled with a methyl group, 

the (^-position with respect to a sulfur atom for increased R~ denotes methylene, a divalent C,. e n-alkyl, C z . 6 branched 

condensation reactivity. The Singh el al. patent also leaches 4(J alkvl > C *-« ^loalkyl or C ti _ 10 alkylcycloalkyl group, or 

lhe use of hydroxyl-functional thioethers with pendent K d\ z )/» x \j ( (*I'a h — » 

methyl groups to afford polymers having good flexibility X denotes one selected from lhe group consisting of O, Sand 

and liquidity. However, the disclosed condensation reaction 6 ^R • 

has a maximum yield of about 75% of the desired conden- R den °l es H ™ methyl, 

sation product. Furthermore, lhe acid-catalyzed reaction of 45 m . is a ratlonal nu mber from 0 to 10, 

(3 -hydroxy sulfide monomers yields significant quantities ' n | s an mlt & cr fmm 1 !o W, » 

(typically not less than about 25%) of an aqueous solution of P IS an inle S cr from 2 lo 6 » 

thermallv stable and highly malodorous cyclic byproducts, 1 IS an in!c S«r from 1 to 5, and 

such as l-thia-4-oxa-cyclohexane. As a result, the eommer- r & an mte S cr from 2 10 l0 » 

ciaJ viability of the disclosed polymers is limited. 50 lhe polythiocther being a liquid at room temperature and 

Another desirable feature in polymers suitable for use in pressure, 

aerospace sealanLs is high temperature resistance. Inclusion Preferably the polythioether has a number average 

of covalenlly bonded sulfur atoms in organic polymers has molecular weight between about 500 and about 20,000. 

been shown to enhance high tempcralure performance. . 'n a lirst preferred embodiment, Ihc polythiocther has the 

However, in the polysultide polyformal polymers disclosed 55 t° rmu ^ a H 
in U.S. Pal. No. 2,466,963, the multiple — S— S— linkages ' 

* F * * 0 ^ / [H i H ) II 

in the polymer backbones result in compromised thermal ~ h 2 

resistance. In lhe polymers of Singh et al., U.S. Pal. No. wherein 

4,366,307, enhanced thermal stability is achieved through a denotes a structure having lhe formula I, 

replacement of polysultide linkages with polythiocther 6( , yisOorl, 

(_£— ) linkages. In practice, however, the disclosed mate- denotes a single bond when y»0 

rials also have compromised thermal resistance due to traces and — S — (CH,)-, — [ — O — R~ — ] m — O — when y«l, 

of the residual acid condensation catalyst. R 4 denotes — SH or — S— CU Z — ) 2 — O— R 5 when y-0 

Morris el al., U.S. Pat. No. 4,009,762, describes reacting and — CH 2 =CII 2 or — (CH 2 — \ — S — R 5 when y-1, 

dithiols wilh secondary or tertiary alcohols to afford liquid 65 R* denotes C u6 n-alkyl which is unsubstilutcd or substiiuled 

polythiocthers having no oxygen in the polymeric backbone. with at least one — ()1 1 or — Nl IR 7 group, and 

Cured polymeric materials formed from these polymers R 7 denotes II or a C,. ft n-alkyl group. 
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-SI I arc "uncapped/' lhai eH,-ai-0~R* VI 

is, include unrcactcd terminal thiol groups. Polythioelhers or a mixture of lwo ditTcrcnl compounds having the formula 

according to the invention also include tapped" VI, in I he presence of a catalyst. The catalvst is selected from 

polythioelhers, that is, polythioethers including terminal the group consisting oi' free-radical catalysts, ionic caialvsts 

groups other than unreacted thiol groups. These terminal 5 and u i, rav j 0 ict light. Preferablv the catalyst is a free-radical 

groups can be groups such as — OH or — NH 2 , or groups cat alyst such as an azo compound. 

such as alkyl or terminal ethylenically unsaturated groups. According to a second preferred embodiment, a polylhio- 

In a more particular preferred embodiment, y-0 in lor- ether of the invention is produced by reacting (n) equivalents 

mula II and R denotes — SH. That is, the polythioether is 0 f a compound having the formula IV, or a mixture of at least 

an uncapped polythioether having the structure id two diffcrcnl compounds having the formula IV, with (n+l) 



IIS — R* — | — S — (Cfl-.)i — O — | — R" — O — U— (CI !■»).- 
ri — L — sH. 



equivalents of a compound having the formula V, or a 
mixture of at least two different compounds having the 
formula V, optionally together with 0.05 to about 2 equiva- 

In another more particular preferred embodiment, the lents of a compound having the formula VII 

inventive polythioether is a capped polythioether in which 15 s 
y*0 in formula II and R"' denotes {—OK— ) 2 — O— 

R 5 . Particularly preferably, R 5 is an unsubstituted or substi- or a mixture of two different compounds having the formula 

tutcd n-alkyl group such as ethyl, 4-hydroxybutyl or VII, in the presence of a catalyst as described above. 

3-aminopropyl. Analogous methods for producing polyfunctional poly- 

In still another particular preferred embodiment, y-i in 20 thioelhers using the foregoing reactanls together with appro- 
formula II and R* 1 denotes — CH=CH = . That is, the poly- priatc polyfunctioning agents are also provided, 
thioether is an uncapped polythioether having terminal vinyl Polythioelhers produced by the foregoing methods are 
groups. a 1st) provided. 

In yet another more particular preferred embodiment, the In accordance with yet another aspect of the present 

inventive polythioether is a capped polythioether in which 35 invention, there is provided a polymerizable composition 

y-1 in formula II and R* 1 denotes — -{CIU — ) 2 — S — R 5 . comprising (i) about 30 to about 90 wt % of at least one 

In a second preferred embodiment, the polythioether has polythioether as defined herein, said at least one polythio- 

the formula III ether having a glass transition temperature not greater than 

- -55° C, (ii) a curing agent in an amount from about 90 to 

B (A— | R*\ R% ill jo abtmt 150% of stoichiometric based on the amount of said 

wncre j n at least one polythioether, and (iii) about 5 to about 60 wt % 

A denotes a structure having the formula I, of a hller > with a11 wt % ^"8 bascd on lnc ,olal wci S nt of 

y is 0 or I, non -volatile components of the composition. The inventive 

R 3 denotes a single bond when y-0 composition is curable at a temperature of 0° C. or higher, 

an d _s— <CH.) 2 -{--<)~R 2 --L— 0~ when y-i, 35 preferably at a temperature of -20° C. or higher. 

W denotes -SH or — S — ( — CII- — ) 2 — O — R 5 when y-0 In accordance with an additional aspect of the present 

anc j C1U=ss(.'IK or (CIU 0-,-r-vS R 5 when v-1, invention, there is provided a polymerizable composition 

R s denotes c\ 6 n-alkyl which is" unsubstituted or substituted comprising (i) about 30 to about 90 wt % of at least one 

with at least one — OH or — NHR 7 group, polythioether as defined herein, said at least one polythio- 

R 7 denotes II or a C, ft n-alkyl group. 40 cther havin *5 a S lass transition temperature not greater than 

z is an integer from 3 to 6, and " 50 ° C * a curing agent in an amount from about 90 to 

H denotes a z-valent residue of a polyfunctional izing agent. aboul ,50% of stoichiometric based on the amount of said 

That is, the polyfunctionalized embodiments include three al ,easl one Polythioether, (iii) a plasticizer in an amount 

or more structures of the formula I bound to the residue of from aboul 1 10 aboul 40 wt % « a " d (» v ) a "Her in an amount 

an appropriate polyfunctionalizing agent. 45 from about 5 lo about 6(1 wt % > Wlth a11 wt * b cin g based 

In a more specific embodiment, z is 3, and the polyfunc- on lhc U)lal WCi S hl of non-volatile components of the 

lionalizing agent thus is a trifunctionalizing agent. In composition. The composition is curable at a temperature of 

another more specific embodiment, the average functionality °° C - or hl ^her, preferably at a temperature of -20° C or 

of the polythioether ranges between about 2.05 and about higher. 

3 AO 50 Cured polymeric materials prepared by polymerization of 

In accordance with another aspect of the present the foregoing compositions are also provided, 

invention, there arc provided methods of producing the . 0thcr ob jects, features and advantages of the present 

foregoing polythioelhers. invention will become apparent to those skilled in the art 

According lo a fust preferred embodiment, a polythioet- from ,he Allowing detailed description. It is lo be 

her of the invention is produced by reacting (n+l) equiva- 55 understood, however, that the detailed description and spe- 

lents (e.g., moles) of a compound having the formula IV cific examples, while indicating preferred embodiments of 

the present invention, arc given by way of illustration and 

us— k 1 -^sh iv not limitation. Many changes and modifications within the 

f scope of the present invention may be made without depart - 

or a mixture of at least two different compounds having the 6U jng (Vom lhe ^ (hcreoff and lhc invcnlion mcludcs all 

formula IV, with (n) equivalents of a compound having the su<: ^ modifications 



formula V 



BRIEF DESCRIPTION OF 'HIE DRAWINGS 

v 

The invcnlion may be more readily understood by refcr- 
or a mixture of at least two different compounds having the 65 ring to the accompanying drawings in which 
formula V, and optionally about 0.05 to aboul 2 equivalents I'Ki. 1 depicts linear graphs of extrusion rale (Li) versus 

of a compound having the formula VI lime (T) for sealant compositions of the invention in com- 
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parison to extrusion rate curves for known types of sealant 
composition, and 

IK i. 2 is a semi-log graph of the extrusion rale curve of 
a polylhioether of the invention (♦) and a prior art polysul- 
lide (■). 

DETAILED DLSCRHTION OF 'HIE 
PREFERRED EM BO I) I MEM'S 

It has surprisingly been discovered that the combination 
of certain poly thiols with oxygenated dicnes according to 
the present invention results in polylhioether polymers that 
are liquids ai room temperature and pressure and that have 
desirable physical and Theological properties, and that fur- 
thermore are substantially free of malodorous cyclic 
by-products. The inventive materials arc also substantially 
free of deleterious catalyst residues, and hence have superior 
thermal resistance properties. 

According to the present invention, polylbioethers are 
provided that are liquid at room temperature and pressure 
and have excellent low temperature flexibility (low T tf ) and 
fuel resistance. As used herein, the term "room tcmpcralure 
and pressure" denotes approximately 77° F. (25° C), and 1 
atmosphere. 

In their most general aspect, the inventive polythioethcrs 
include a structure having the formula I 



ambient pressure in jet reference tluid (JRF) type 1. Very 
preferably, the percent volume swell of the cured polymers 
is not greater than 20%. 

JRF type 1, as employed herein for determination of fuel 
resistance, has the following composition (see AMS 2629, 
Issued Jul. I, 1989), section 3.1.1 el seq., available from 
SAE (Society of Automotive Engineers, Warrendalc, Pa.): 



to 



whercin 

R 1 denotes a divalent C 2 . 0 n-alkyl, C 3 . 6 branched alkyl, C ti _ 8 
cvcloalkvl or C 6 _ i 0 alkylcycloalkyl group, — [( — CH, — ) 
-X-]^-(-CiL-) or _[(-CH 2 — ) ^-X-],- 
( — CH 2 — ) r — in which ai least one — Clf 2 — unit is 
substituted with a methyl group, 

R- denotes methylene, a divalent C 2 . 6 n-alkyl, C 2 „ 6 branched 
alky I, C^ H cycloalkyl or C 6 _ 10 alkylcvcloalkvl group, or 

_{ ( _ci i,— ),,— x— j f# — <— < :\i z -)-, 

X ile notes one selected from the group consisting of O, S and 

— NR ft — , 
R ft denotes H or methyl, 
m is a rational number from 0 to 10, 
n is an integer from I to 60, 
p is an integer from 2 to 6, 
q is an integer from 1 to 5, and 
r is an integer from 2 to 10. 

Preferably, a polylhioether polymer according to the 
invention has a glass transition temperature T that is not 
higher than -50° C. More preferably, the T of the inventive 
polymer is not higher than -55° C. Very preferably, the 
of the inventive polymer is not higher than -60° C. Low 
is indicative of good low temperature tkxibility, which can 
be determined by known methods, for example, by the 
methods described in AMS (Aerospace Material 
Specification) 3267 §4.5.4.7, MIL-S (Military 
Specification)-8802E §3.3.12 and M1L-S-29574, and by 
methods similar to those described in ASTM (American 
Society for Testing and Materials) D522-88. 

llie polythioethcrs of the invention exhibit very desirable 
fuel resistance characteristics when cured. One measure of 
the fuel resistance of the inventive polymers is their percent 
volume swell after prolonged exposure to a hydrocarbon 
fuel, which can be quantitatively determined using methods 
similar to those described in ASTM D792 or AMS 3269. 
Thus, in a preferred embodiment, the inventive polymers 
have, when cured, a percent volume swell not greater than 
25% after immersion for one week al 140° F. (60° C) and 



Trtluene ?.8 t 1% by volume 

Cydohexanc (technical) 34 * 1% by volume 

iKooctane Mi t 1% by volume 
Tertiary dibutyl disulfide I * 9.005^ by volume 
(doclor sweel) 

Tertiary butyl mcrcaptan 0.015% * 0.001 5 by weight of the other four 

IS components 



Desirably, the inventive polythioethcrs have number aver- 
age molecular weights ranging from about 500 to 20,000, 
preferably about 1,000 to 10,000, very preferably about 

2,1 2,000 to 5,000. 

Liquid polylhioether polymers wilhin ihe scope of the 
present invention can be difunctional, that is, linear poly- 
mers having iwo end groups, or polyfunciional, that is, 
branched polymers having three or more end groups. 

25 Depending on the relative amounts of dithiol(s) and divinyl 
elher(s) used to prepare ihe polymers, ihe polymers can have 
terminal thiol groups ( — SH) or terminal vinyl groups 
( — CII=CH 2 ). Furthermore, ihe polymers can be uncapped, 
ibat is, include thiol or vinyl terminal groups that are not 

30 further reacted, or capped, lhat is, include thiol or vinyl 
groups that are further reacted wilh other compounds. Cap- 
ping the polythioethcrs of the invention enables introduction 
of additional terminal fund ionali lias, for example, hydroxyl 
or amine groups, to the inventive polymers, or in the 

35 alternative, introduction of end groups that resist further 
reaction, such as terminal alky I groups, 

A first preferred embodiment of the inventive polythio- 
ethers has the formula II 



40 



45 



wherein 

A denotes a structure having the formula I, 
y is 0 or 1, 

R 3 denotes a single bond when y-0 

and — S-^Ciy.H— O— R 2 ],,— O— when y-1, 
R 4 denotes — SH or — S — ( — OH, — ), — O — R* when y«0 

and — CIL=CH, or — <CJU— ) 2 -^S— R 5 when y-1, 
R 5 denotes C lm0 n-alkyl which is unsubsiituted or substituted 
with at least one — OH or — N1IR 7 group, and 
50 R 7 denolcs H or a Cj_ 6 n-alkyl group. 

Thus, poly Ihioe Ihe rs of Ihe formula II are linear, difunc- 
tional polymers which can be uncapped or capped. When 
y«0, ihe polymer includes terminal thiol groups or capped 
derivatives thereof. When y-1, the polymer includes termi- 
55 nal vinyl groups or capped derivatives thereof. 

According to one preferred embodiment, the inventive 
polythioclher is a difunclional thiol-lerminated (uncapped) 
polylhioether. That is, in formula II, y-0 and R 4 is — SH. 
'ITius, ihe polythioclher has the following structure: 



US — K l — | — S — (CH.). — O — ( — R : - 
Ri-L-SH. 



Thc foregoing polymers are produced, for example, by 
reading a divinyl ether or mixture thereof with an excess of 
65 a dithiol or mixture thereof, as discussed in delali below. 

In a more particular preferred embodiment of the forego- 
ing polythioclher, when m-1 and R~-n-butyl in formula II, 
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R is not ethyl or n-propvl. Also preferably, when m-1, p«2, groups, or can be capped and thus include terminal — S — 
q-2, r-2 and R 2 «ethyl, X is not O. ( — CH 2 — ) 2 — O — R or — (CH 2 — ), — S — R* groups. Par- 
According to another preferred embodiment, the inven- tially capped polyfunctional polymers, i.e., polymers in 
live polythioether is a capped polymer in which the forego- which some but not all of the branches are capped, are also 
ing terminal — SH groups are replaced by — S — ( — CJ-U — ) 2 5 within the scope of the present invention. 
— O — R 5 . Such caps arc produced by reaction of the tcrmi- Specific polyfunctionalizing agents include trifunctional- 
nal thiol group with a monovinyl ether, for example by izing agents, that is, compounds with z«3. Preferred irifunc- 
including in the reaction mixture a capping agent or mixture tionalizing agents include triallylcyanurale (TAG), which is 
thereof, as discussed in detail below. reactive with compounds of the formula II (R^-allyl), and 
In the foregoing, R 5 denotes an unsubstituted or subsli- 10 1,2,3-propanctrithiol, which is reactive with compounds of 
tu ted alky 1 group, preferably a C,_ 6 n-alkyl group which is the formula III ( R H « — SH) Agents having mixed 
unsubstituted or substituted with at least one — OH or functionality, i.e., agents that include moieties (typically 
— NHR 7 group, with R 7 denoting H or G, 6 n-alkyl. Lxem- separate moieties) that react with both thiol and vinyl 
plary useful R 5 groups include alkyl groups, such as ethyl, groups, can also be employed. 

propyl and butyl; hydroxyl-substitutcd groups such as 15 Other useful polyfunctionalizing agents include trimethy- 

4-hydroxybutyl; amine-substituted groups such as lolpropanc trivinyl ether, and the polythiols described in 

3-aminopropyl; etc. U.S. Pal. No. 4,366,307, U.S. Pat. No. 4,609, 762 and U.S. 

Polythioelhers according to Ihe invention also include Pat. No. 5,225,472, the disclosures of each of which arc 

difunctional vinyl-lerminated (uncapped) polythioelhers. incorporated in their entireties herein by reference. 

That is, in formula II, y-1 and R 4 is — CII=CII 2 . These zn Polyfunctionalizing agents having more than three rcac- 

polymcrs arc produced, for example, by reacting a d it hiol or live moieties (i.e., z>3) afford "star" polythioelhers and 

mixture thereof with an excess of a divinyl ether or mixture hyperbranched polythioelhers. For example, two equivalents 

thereof, as discussed in dctali below. Analogous capped of TAG can be reacted with one mole of a dithiol to afford 

polythioelhers include terminal — (CII 2 — ) 2 — S — R\ a material having an average functionality of 4. This maie- 

1 tic foregoing polythioelhers arc linear polymers having 25 rial can then be reacted with a divinyl ether and a dithiol to 

a functionality of 2 (considering alkyl and other non-reactive yield a polymer, which can in turn be mixed wilh a irifunc- 

caps within this total). Polythiocthers having higher func- tionalizing agent to afford a polymer blend having an 

tionality arc also within the scope of the present invention. average functionality between 3 and 4. 

Such polymers are prepared, as discussed in dclail below, by Polythiocthers as described above have a wide range of 

using a polyfunctionalizing agent. The term "polyfunction- 30 average functionality, for example, Afunctional izing agents 

alizing agent" as employed herein denotes a compound afford average functionalities from about 2.05 to 3.0, pref- 

having more lhan two moieties that are reactive with tcrmi- erably about 2.1 to 2.6. Wider ranges of average function- 

nal — SH and/or — CH=CH 2 groups. The polyfunctional- ality can be achieved by using quaternary or higher poly- 

izing agent preferably includes from 3 lo 6 such moieties, functional izing agents. Functionality will also be affected by 

and thus Is denoted a u z-valenl" polyfunctionalizing agent, ?$ factors such asstoichiomelry, as is known to those skilled in 

where z is Ihe number (preferably from 3 to 6) of such the art. 

moieties included in the agent, and hence the number of Methods of making the foregoing polyfunctional poly- 
separate branches which the polyfunctional polythioether thioethers are discussed in detail below, 
comprises. The polyfunctionalizing agent can be represented Polythiocthers within the scope of Ihe present invention 
by the formula 40 are prepared by a number of methods. According to a first 

preferred method, (n+1) equivalents of a compound having 

B -( R Ihe formula IV 

where R M denotes a moiety that is reactive with terminal lis r 1 an 

— SIl or — CH«CH 3 and can be the same or different, and ^ 

B is the z-valent residue of the polyfunctionalizing agent, * or a mixture of at least two different compounds having the 

i.e., the portion of the agent other than the reactive moieties formula IV, are reacted with n equivalents of a compound 

R 7 . having the formula V 

Polyfunctional polythioelhers according to the present 

invention thus preferably have the formula III CH r ==CH-0-{— R 2 -o— k— CH-*C1I 3 v 

b— (AHR J lv— R 4 ) ? if I or a mixture of at least Iwo different compounds having the 

formula V, in the presence of a catalyst. In formulas IV and 

wherein V above, R\ R 2 and all indices arc defined as in formula I. 

A denotes a structure having the formula I, This method affords an uncapped, thiol-terminated difunc- 

y is 0 or 1, 55 lional polythioether. 

R 3 denotes a single bond when y«0 T*he compounds of formula IV are dithiol compounds. 

and — (GH 2 ) 2 — [ — O — R 2 — ] m — O — when y-1. Preferred di thiols include those compounds in which R J is a 

R 4 denotes — SH or — S — ( — CH 2 — ) 2 — O — R 5 when y-0 divalent C\ 6 n-alkyl group, i.e., 1,2-ethancdithiol, 1,3- 

and — GIU=GH 2 or — (GIU — ) 2 — S — R 5 when y-1, propanedilhiol, 1.4-butanedithiol, 1,5-pentancdithiol or 1,6- 

R 5 denotes Gj. 6 n-alkyl which is unsubsiiluted or substituted go hexanedithiol. 

with al least one — OH or — NIIR 7 group, Addilional preferred dithioLs include those compounds in 

U 7 denotes I I or a C t . 6 n-alkyl group, which R 1 is a divalent C 3 . d branched alkyl group, having one 

z is an integer from 3 to 6, and or more pendent groups which can be, for example, methyl 

H denotes a z-valent residue of a polyfunctionalizing agent. or ethyl groups. Preferred compounds having branched alkyl 

As with Ihe preceding difunctional embodiments, Ihe 65 R 1 include 1 ,2-propancdithiol, 1,3-bulanedithiol, 2,3- 

loregoing polyfunctional polythiocthers of the present bu lanedithiol, 1 ,3-pentancdith iol, 1 ,3-dilhio-3- 

invention can include terminal — SI I or — CH=CH 2 mclhylbutane and 23-hutanediihiol. Other useful dithiols 



IV 
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include those in which R l is a divalent C„_ H cycloalkyl or pounds of formula V, one compound of formula IV and two 

(^.,0 a IkyI cycloalkyl group, for example, dipentcnedimer- compounds of formula V, two compounds of formula IV and 

captan and ethylcyclohexyldithiol (liCIIDT). of formula V, and more lhan two compounds of one or bolh 

Further preferred dithiols include one or more heteroatom formulas, can be used to produce a variety of polythioethcrs 

substituents in the carbon backbone, thai is, dilhiols in which 5 according to the invention, and all such combinations of 

X is a heteroatom such as O, S or another bivalent heteroa- compounds are contemplated as being within the scope of 

torn radical; a secondary or tertiary amine group, i.e., the invention. 

— NR ft — , where R ft is hydrogen or methyl; or another Although, as indicated above, compounds of the formulas 
substituted trivalent heteroatom. In a preferred embodiment, IV and V which have pendent alkyl groups, for example 
X is O or S, and thus R 1 is — [( — C\i z — ) p — O — ]^ — ( — to pendent methyl groups, are useful according to the 
CH 2 — ) r — or — [(— CH ; , — ) p — S — < — CH 2 — ) r — . invention, it has surprisingly been discovered that corn- 
Preferably, the indices p and r are equal, and very preferably pounds of the formulas IV and V which are free of pendent 
both have the value of 2. Particularly preferred exemplary methyl or other alkyl groups also afford polylhioethers that 
dithiols of this type include dimcrcaptodiethylsullide are liquid at room temperature and pressure. 
(HMDS) (p, r-2, q-1, X-S); dimcrcaptodioxaoctanc 15 ITic reaction between the compounds of formulas IV and 
(OMI)O) (p, q, r-2, X»0); and 1 ,5-dithio-3-oxapentane. It is V is preferably catalyzed by a free radical catalyst. Preferred 
also possible to employ dithiols that include bolh heteroatom free radical catalysts include azo compounds, for example 
substituents in the carbon backbone and pendent alkyl, in azobisnitrile compounds such as azo(bis)isobutyronitrile 
particular methyl, groups. Such compounds include methyl- (AIBN); organic peroxides such as benzoyl peroxide and 
substituted DMDS, such as IIS — C.UCll(CII 3 ) — S — 2i) t-butyl peroxide; and inorganic peroxides such as hydrogen 
CHXH 3 — SH, US — CII(CM 3 )CH 2 — S — CHXH, — SIT peroxide. The reaction can also be effected by irradiation 
and dimethyl substituted DMDS such as IIS — CII 2 CTI with ultraviolet light either with or without a calionic 
(CH 3 ) — S — c:M(CII 3 )(:il : — SH and I IS — CH(CH 3 )C1I 2 — photoinitiating moiety. Ionic catalysis methods, using either 
S — CH 2 CH(CH 3 ) — SH. inorganic or organic bases, e.g., triethylamine, also yield 

I wo or more different dithiols of formula IV can also be is materials useful in the context of this invention, 

employed if desired in preparing polythioethcrs according to Capped analogs to the foregoing polythioethcrs can be 

the invention. prepared by reacting (n+l) equivalents of a compound 

The compounds of formula V are divinyl ethers. Divinyl having the formula IV or a mixture of at least two different 

ether itself (m-0) can be used. Preferred divinyl ethers compounds having the formula IV, (n) equivalents of a 

include those compounds having at least one alkoxy group, 30 compound having the formula V or a mixture of at least two 

more preferably from 1 to 4 alkoxy groups (i.e., those different compounds having the formula V, and about 0.05 to 

compounds in which m is an integer from 1 to 4). Very about 2 equivalents of a compound having the formula VI 
preferably, m is an integer from 2 to 4. It is also possible to 

employ commercially available divinyl ether mixtures in Cfl 2 =C'H o R 3 vi 

producing polvthioethers according to the invention. Such ?5 , ..... 

mixtures arc characterized by a non-integral average value ° ra m,X ' UrC °' ,W0 dl Terem «°™I*»">* "^8 ^ f""™'* 

for the number of alkoxy units per molecule. lhus. m in Vl ' ,n ,hc Pf*"" an W<°P™< e ^« . 

formula V can also take on non-integral, rational values ^pounds of the formula VI are monovinyl ethers, 

between 0 and 10, preferably between I and 10. verv ^h.ch react with termmal thtol groups to cap the polylh.o- 

preferably between 1 and 4. particularly between 2 and 4. AO ulh " P olymer 1 rcle ™' ™novmy ethers ot the lormula VI 

Exemplary divinyl ethers include those compounds in " dude amin °' and , hydroxyalkyl vmyl ethers, such as 

which R 2 is C 6 n-alkvl or C, 6 branched alkyl. Preferred 3-^.nopropyl v.nyl ether and 4-hyclroxybutyl viny ether 

divinyl ethers of this type include ethylene glycol divinyl ( h utancd,ol monovmyl ether), as well as unsubst.tu.ed alkyl 

ether (EG-DVE) <R 2 -cthyl, m-1); bulanediol divinyl Cher V ' Dyl c,hers s , uch v,n >' u \ h " , of ] Wlenu 

(BD-DVE)(R ; -butyl.m-I);hexancdiol divinyl ether (1ID- « °' « ,m P ound !; °» <he "rmula VI affords fully capped 

DVE) (R 2 -hexyl, m-1); die.hylene glycol divinyl ether P0«y»w«» **ik use of lesser amounts results m part.ally 

(l)EG-DVE) (R 2 -elhyl, m-2); triethylene glycol divinyl tap P cd P"'y mcrs - 

ether (R=-cthyl. m-3); and le.raelhylene glycol divinyl ether According to another pretcrred method, (n) equivalents of 

(R^elhyl. m-4). Useful divinyl ether blends include -PLU- a rom P° und havin 8 t»™»l» IV. or a mixture ol at least 

RIOU8" type blends such as PLURIOE® E-200 divinyl N two d'flcrcnt compounds havmg the lormula IV. arc reacted 

ether (commercially available from BASI'"). for which w " h (n + l) eq.valcnts of a compound hav.ng the lormula V, 

k 2 «c.hyl and m-3.8, as well as "OPE" polymeric blends °J a m , M " K lwo dlffe ™' impounds having the 

such as DPE-2 and DPE-3 (commercially available from ° rmuIa V ' ?™ "? ,hc P resencc , of an appropnate catalyst. 

International Specialty Products, Wayne. N.J.). Of these. lluS [«^od aflords an uncapped, vmyl-termmated difunc- 

DEG-DVE and PLURIOL® E-200 are particularly pre- 55 " on . al P°'y lhloclncr - 

C erre{ j Capped analogs to the foregoing vinyl-terminated poly- 
Useful divinvl elhers in which R- is C\ „ branched alkyl lhiwlh ^ «n be prepared by reacting (n+l) equivalents cl- 
ean be prepared by reacting a polyhydroxy compound with a com P? und havin 8 ,h ' r °™ u '« v « a mixture o a. least 
acetylene. Exemplary compounds of this type include com- W0 "'f rcnl ">™l*> u " d * h^.ng the formu a V, (n) equiva- 
pounds .n which R 2 is an alkyl-substi.uted methylene group ,0 f a "'"pound hav '"B 'ormula IV or a mixture ol 
such as — < l 10— or — <:i 1,< I l(C .1 1,)—. " a Uea.^ two d.fferent compounds havmg the formula IV, and 
Other useful divinyl ethers include compounds in which aboul alx,m 2 ^ UIVa '^' s " compound having the 
R 2 is polyteirahydrofuryl (poly-'llIP) or polyoxyalkylene, lormula v " 

preferably having an average of aboul 3 monomer units. us— r 5 vii 

'lwo or more compounds of the formula V can be used in o5 

the foregoing method. ITius in preferred embodimenls of the or a mixlure of two different compounds having the formula 

invention, two compounds of formula IV and one com- VII, in the presence of an appropriate catalyst. 
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( ompounds of ihc formula VII arc rnonothiols, which can amount from about 30 wi % lo about 90 wt %, more 

be unsubstituted or substituted with, e.g., hydroxy! or amino preferably about 40 to about 80 wt %, very preferably about 

groups. Uxcmplary capping compounds of the formula VII 45 to about 75 wt %, with the wt % being calculated based 

include mercaptoalcohols such as 3-incrcaplopropanol, and on lne weight of all non-volatile components of the com- 

mercaptoamincs such as 4-mercaptobutylamine. 5 position. Preferably, the T of the polylhioether(s) used in 

Pulyfunclional analogs of the foregoing difunctional lnc polymerizable composition is not higher than -55° C, 

polythioethers are similarly prepared by combining one or morc prc f crar> | y not higher than -60° C. 

more compounds ot formula IV and one or more compounds Curf s usdu , jn polymerizablc compositions of 

of formula V, in appropriate amounts, with a polyfunction- me invcn(ion indudc resirus for cxarnp i Ci hydanloin 

ahzmg agent as described above and reacting the mixture j. { , ^ of bi hcno| . A dcSi di , 

ITius, according lo one method for making polvtunctional . , r . . J*r ' . „ . . r KI , 

polythioethers of the present invention, (n*l i equivalents a Ci $ l ^hcr of b.sphenol-t epox.des, Novolak type epox.des, 

compound or compounds having the formula IV, (n) cquiva- ° < he «P0XKh»d unsaturated and phenolic resins, 

lents of a compound or compounds having the formula V, 0,her ^ ful ^ nn S ,ndude unsaturated compounds 

and a z-valent polv f unci ion alizing agent, are combined to sucb as ^ Uc and methaerylie esters of commercially 

form a reaction mixture. Ihc mixture is then reacted in the " available polyols, unsaturated synthetic or naturally occur- 

presence of a suitable catalyst as described above to afford ring resin compounds, IAC, and oleftnic terminated denva- 

thiol-terminalcd polyfunctional polythioethers. Capped ana- lives of the compounds of the present invention. In addition, 

logs of the foregoing polythioethers are prepared by inclu- useful cures can be obtained through oxidative coupling of 

sion in the starting reaction mixture of about 0.05 to about the thiol groups using organic and inorganic peroxides (e.g., 

(z) equivalents one or more appropriate capping compounds 20 MnOJ known to those skilled in the art. Selection of the 

VI. Use of (/) equivalents affords fully capped polyfunc- particular curing agent may affect the of the cured 

tional polymers, while use of lesser amounts again yields composition. For example, curing agents that have a 

partially capped polymers. significantly lower than the of the polythioether may 

Similarly, (n) equivalents a compound or compounds lower the T a of the cured composition, 

having the formula IV, (n+1) equivalents of a compound or 25 Depending on the nature of the polythioethers) used in 

compounds having the formula V, and a z-valent polyfunc- the composition, the composition will contain about 90% to 

tionalizing agent, arc combined lo form a reaction mixture about 150% of the stoichiometric amount, preferably about 

and reacted as above to afford vinyl-terminalcd polyfunc- 95 to about 125%, of the selected curing agent(s). 

tional polythioethers. Capped analogs of the foregoing poly- Fillers useful in the polymerizablc compositions of the 

thiocthcrs arc prepared by inclusion in the starling reaction 30 invention include those commonly used in the art, such as 

mixture of one or more appropriate capping compounds VII. carbon black and calcium earbonalc (CaC0 3 ). Preferably, 

The inventive polythioethers preferably are prepared by the compositions include about 5 to about 60 wt % of the 

combining at least one compound of formula IV and at least selected tiller or combination of fillers very preferably about 

one compound of formula V, optionally together with one or 10 to 50 wt %. 

capping compounds VI and/or VII as appropriate, and/or a 35 The polythioethers, curing agents and fillers employed in 

polyfunctionalizing agent, followed by addition of an appro- polymerizable compositions of the invention, as well as 

priate catalyst, and carrying out the reaction at a temperature optional additives as described below, should be selected so 

from about 30 to about 120° C. for a time from about 2 lo as to be compatible with each other. Selection of compatible 

about 24 hours. Very preferably the reaction is carried out at ingredients for the inventive compositions can readily be 

a temperature from about 70 to about 90° C. for a time from 40 performed by those skilled in the art without recourse to 

about 2 to about 6 hours. undue experimentation. 

Since the inventive reaction is an addition reaction, rather The foregoing polymerizable compositions preferably are 

than a condensation reaction, the reaction typically proceeds curable at a minimum temperature of about 0° C (i.e., at a 

substantially to completion, i.e., the inventive polythioethers temperature of about 0° C. or higher), more preferably about 

are produced in yields of approximately 100%. No or 45 -10° C, very preferably about -20° C, and have a T g when 

substantially no undesirable by-products are produced. In cured not higher than about -55° C, more preferably not 

particular, the reaction does not produce appreciable higher than -60° C, very preferably not higher I ha n -65° C. 

amounts of malodorous cyclic by-products such as are When cured, ihe polymerizable compositions preferably 

characteristic of known methods for producing polythioet- have a % volume swell not greater than 25%, more prefer- 

hers. Moreover, the polythioethers prepared according to the 50 ably not greater than 20%, after immersion for one week at 

invention are substantially free of residual catalyst. As a 60° C. (140° F.) and ambient pressure in jet reference fluid 

result, no free catalyst is available lo further react with Ihe (JRF) type I. 

polylhiocihcr, in particular in the presence of water at room In addition lo the foregoing ingredients, polymerizablc 

temperature, to degrade Ihe polymer and produce malodor- compositions of the invention can optionally include one or 

ous cyclic compounds. Thus, ihe inventive polythioethers 55 more of Ihe following: pigments; thixoiropes; accelerators; 

arc characterized both by thermal stability and by low odor. retardants; adhesion promoters; and masking agents. 

Polythioethers according to the invenlion arc useful in Useful pigments include those conventional in the art, 

applications such as coatings and sealant compositions, and such as carbon black and metal oxides. Pigments preferably 

preferably are formulated as polymerizable sealant compo- are present in an amount from about ().! to about 10 wt %. 

sit ions in applications where low temperature flexibility and oO Thixoiropes, for example silica, are preferably used in an 

fuel resistance arc important. Such sealant compositions are amount from about 0.1 to about 5 wt %. 

useful, e.g., as aerospace sealants and linings for fuel tanks. Accelerators known lo ihe art, such as amines, preferably 

A first preferred polymerizable composition thus includes at are present in an amount from about 0.1 to about 5 wi %. 

least one polythioether as described herein; a curing agent or Two such useful accelerators are l,4-diaza-bicyclo[2.2.2] 

combination of curing agents; and a filler. 65 octane (DAHCO®, commercially available from Air 

l"hc polythioether or combination of polythioethers pref- Products, Chemical Additives Division, Allentown, Pa.) and 

erably is present in the polymerizablc composition in an DMP-30® (an accelerant composition including 2,4,6-tri 
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(dimcthylaminometbyl)phenol, commercially available Depending on the nature and amount of the plasticizcrs) 

from Rohm and Haas. Philadelphia, Pa.). used in the composition, polythioclhcrs of the invention 

Reiardanls, such as stearic acid, likewise preferably are which have T y values up to about -50° C, preferably up to 

used in an amount from about 0.1 to about 5w\%. Adhesion about -55° C, can be used. 

promoters, which can be, for example, conventional pheno- 5 Th e foregoing polymerizable compositions also prefcr- 

licsor silanes, if employed are preferably present in amount ably arc curable at a minimum temperature of about 0° G, 

from about 0.1 to about 5 wt %. Masking agents, such as morc pru f cra bly about -10° C, very preferably about -20° 

pine fragrance or other scents, which are useful in covering q 

any low level odor of the composition, are preferably present , ;„ venlion is ii| uslralcl | in more dc(ai , by 

,n an amount from about 0.1 to about 1 wt % ,o means of the following non-lim.ting examples. 

An addu.onal advantage of sealant compositions accord- cs liquid polylhiocMhers were prepared by 

ing to ihe invention is their improved cunng behavior. Inc r . ^ Y 3 .... . ... 

exlen. of cure of a sealant composition as a Lclion of time ,0 f lher one °' more d 1 , ! h . ,ols wllh °" e or more 

is often difficult to measure directly, but can be estimated by dlvin y 1 u,hm L and ■ infuwionaliaog agent rhe reaction 

determining the extrusion rate of the composition as a m,x,urc was lhcn hca,cd and a frcu radical "^'i* 1 was 

function of time. The extrusion rale is the rate at which a " * Med Al1 reactions proceeded substantially to completion 

mixed sealant composition, i.e., a sealant composition (approximalely 100% yield), 
together with an accelerator system, is extruded from an 

applicator device. Since the sealant composition is mixed LXAMPLli 1 

with the accelerator system, curing begins, and the extrusion In a 2 L flask. 524.8 g (3.32 mol) of diethvlenc glycol 

rate changes with time. The extrusion rate thus is inversely 20 djvj , eth£r (DE0 . DVE ) and 706.7 g(3.87 mol) of dimer- 

related to the extent of cure. Rial is, when the extent of cure , . t n%Mt\rw ■ j -.l. im /^mo 

. . . . , . . . . captodioxaoctanc (DMDO) were mixed with 19.7 g (0.08 

is low, the vuscosity of the mixed sealant composition is low \. . . . v , ,tC a ~v , . ... -,-,«, ^ u 

and thus the extrusion rate is high. When the reaction mol) of tn ally lcyanurate (rAC and healed to 77 C lb the 

approaches completion, the viscosity becomes very high, hca * d rca * i0 " mixl " re , was ^ * 6 * £ °; 4 ™ > of ™ 
and the extrusion rate thus becomes 'low. ^ azobismtnlc free radical catalyst (VAZO<8> 67 [2,2-azobis 
With reference to HG. I f the viscosity of some known " (2-methylbulyronitnle), commercially available trom 
tvpes sealant compositions remains low for an extended DuPonl.). The reaction proceeded substantially to comple- 
ting because the compositions are slow to cure. Such tion after 2 hours to a fTord 1250 g (0.39 mol, yield 100%) of 
compositions have extrusion curves qualitatively similar to a liquid polylhioether resin having a T M of -68° C. and a 
curve A. Other known types of sealant composilion cure viscosity of 65 poise. The resin was faintly yellow and had 
very quickly, and thus their viscosity rapidly increases. * low odor. 
Consequently, the extrusion rate rapidly decreases, as shown 

in curve B. Desirably, a mixed sealant composition should EXAMPLE 2 

have a low viscosity, and thus a high extrusion rate, for a riniAI - r , nnn 

length of lime sufficient to allow even application of the a . ,n a 1 [ ^ ^ A J (1 6 ° m ° !) °f PL " RIOL<ft b ' 2 ^ 

sealant composition to the area requiring sealing, but ihen ^ divinyl ether and 355.88 g (1.94 mol) of DMDO were mixed 

should cure rapidly after application, i.e., their extrusion rale w,lh 121 8 ( 0 049 mo1 ) of 1'AC and reacted as in Example 

should quickly decrease. Sealant compositions according to l- The reaction proceeded substantially to completion after 

the. present invention are characterized by this desirable 5 hours to afford 772 g (0.024 mol, yield 100%) of a resin 

extrusion curve, as illustrated qualitatively in curve C. having a of -66° C. and a viscosity of 48 poise. The resin 

Sealant compositions according to the present invention 40 was yellow and had low odor, 
can have, depending on the particular formulation, initial 
extrusion rates as high as 500 g/min or higher, together wilh 

low extrusion rates on the order of about 5 to 10 g/min or , n a m m i, fl as k, 33.2 g (0.21 mol) of DEG-DVE and 

less after curing times on the order of one hour. 26AS g (0 244 m 0 i) 0 f 1,2-propanedithiol were mixed with 

As shown in FIG. 2, the initial extrusion rate of a polymer 45 0 75 g (0003 mo|) of TAC and hcakd to 7r (; fo {hc 

of the present invention (Example 1, below, cured with an hcated rcaclion m ; xUjre was a d<Jed 0.15 g (0.8 mmol) of 

epoxy curing agent as described below) is about 550 g/min, VAZO® 67. The reaction proceeded substantially to 

then falls rapidly to about 20 g/min after 70 minutes. In completion after 7 hours to afford 60 g (0.03 mol, yield 

comparison, a known poly sulfide (cured with MnO = ) has an m%) of a rcsin having a j of _ 6l o c md a viscosily of 

initial extrusion rate of about 90 g/min, which slowly falls 50 12 poiset n, c res j n na(J a noticeable PDT odor, 
to aboul 20 g/min after 70 minutes. 

A second preferred polymerizable composition combines EXAMPLE 4 
one or more plasticizcrs with the polythiocthcr(s), curing 

agenl(s) and fillers) described above. Use of a plasiicizer In a 100 mL uask - 33 3 g ( 0136 nK>I ) of ^propylene 

allows the polymerizable composition to include polythio- 55 divin y 1 clncr (DPE~ 3 ) and 27.0 g (0.170 mol) of 

ethers which have higher T than would ordinarily be useful dimercaptodimcthylsulHdc (DMDS) were mixed wilh 0.69 g 

in an aerospace sealant. That is, use of a plasiicizer effec- ( 0 003 mo! ) of TAC and ncalcd 10 lT c To lhti hcaled 

lively reduces the T x of the composition, and thus increases reaction mixture was added 0.15 g (0.8 mmol) of VAZO® 

the low-temperature flexibility of the cured polymerizable 67 - rhc taction proceeded substantially to completion alter 

composition beyond that which would be expected on the 60 6 hours 10 allord 61 S (0-028 mol, yield 100%) ot a rcsin 

basis of the i; of the polythioclhcrs alone. havin g a T * of -° 3 ° c and a viscosity ol 26 poise. 

Plasiicizcrs that arc useful in polymerizable compositions 
of the invention include phlhalatc esters, chlorinated 

paraffins, hydrogenated terphenyls, etc. Hie plasticizer or In a 250 mL flask, 113.01 g (0.447 mol) of PLURIOL® 

combination of plasticizcrs preferably constitute 1 to about t5 E-200 divinyl ether and 91 .'13 g (0.498 mol) of DMDO were 

40 wt %, morc preferably 1 to about 10 wt % of the mixed with 1.83 g (0.013 mol) of 1 ,2,3-propanetrilhiol 

composition. (PTl") and allowed to react exothermic ally for 72 hours. The 



EXAMPLE 3 



EXAMPLE 5 
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mixture was then heated to 80° (\ To the healed reaction 
mixture was added 0.2 g (1 mmol) of VAZO® 67. ITic 
reaction mixture was maintained at 80° C, and the reaction 
proceeded substantially to completion after 3 hours to afford 
200 g (0.06 mol, yield 100%) of a resin having a of -66° 5 
C. and a viscosity of 55 poise. 

UXAMPLE 6 

In a small jar, 14.0 g (0.055 mol) of PLURIOL® E-200 J0 
divinyl ether, 6.16 g (0.336 mol) of DMDO and 5.38 g 
(0.336 mol) of DMDS were mixed with 0.42 g ( 0.017 mol) 
of TAC (briefly heated to melt the TAC) and healed to 82° 
C. To the healed reaction mixture was added 0.2 g (0.001 
mol) of VAZO® 67. ITie reaction proceeded substantially to 15 
completion after 18 hours to afford 26 g (8.4 mmol, yield 
100%) of a resin having a T g of -63° C. and a viscosity of 
80 poise. 

LXAMPLL 7 20 

In a smaU jar, 13.55 g (0.054 mol) of PLURIOL® 11-200 
divinyl ether, 10.44 g (0.057 mol) of DMDO and 1.44 g (8.1 
mmol) of e thy Icy clone xanedithiol (ECHDT) were mixed 
wilh 0.40 g (1.6 mmol) of TAC (heated briefly to melt the 
TAG) and heated to 82° C. To the heated reaction mixture 25 
was added 0.2 g (0.001 mol) of VAZO® 67. The reaction 
proceeded substantially to completion. after 5 hours to afford 
26 g (8.1 mmol, yield 100%) of a resin having a T x of -66° 
C. and a viscosity of 58 poise. 



Polymer 


Odor 


Polymer 


Odor 


1 


1 


5 


1 


2 


1 


6 


1 


3 


3 


7 


1 


4 


1 


8 


2 



30 



liXAMPl.li 8' 

In a small glass jar, 9.11 g (0.036 mol) of PLURIOL® 
E-200 divinyl ether, 5.71 g (0.031 rnol) of DMDO, 1.52 g 
(7.8 mmol) of. ECHDT, 5.08 g (0.031 mol) of DMDS and 
4.11 g (0.024 mol) of hcxanediol divinyl ether (HD-DVE) 
were mixed with 0.39 g (1.6 mmol) of TAC (heated briefly 
to dissolve the TAC) and heated to 82° C. To the healed 
reaction mixture was added 0.6 g (3.1 mmol) of VAZO® 67. 
'ITie reaction proceeded substantially to completion after 
about 45 hours to afford 2.6 g (7.8 mmol, yield 100%) of a 
resin having a of -66° C. and a viscosity of 304 poise. 
The resin had a cloudy appearance. 

Each of the foregoing resins was evaluated for odor. The 
following scale was employed: 3: strong, offensive odor; 2: 
moderate odor; 1: slight odor; 0: substantially odorless. 

The polymer described in Example 3 of U.S. Pat. No. 
4,366,307 was used as a control. This polymer (the ''control 
polymer") had an odor of 3. 

Results were as follows: 



60 



All of the liquid polythioethers thus had little or moderate 
odor except polymer 3, which had a strong odor. 

Hie resins prepared in Examples 1-8 were then cured. 
Curing was carried out using the uncom pounded resins wilh 65 
a curing agent and DAHCO accelerator. ITie curing agent 
had the following composition: 
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cpoxy novolnk (equivalent weight 175.5) 22 wt Cfc 

hvdunioin cpoxy (equivulcnl weight 132) 34 wt Cr> 

calcium carbonate 34 wt % 

carbon black 5 wt ft 

silanc adhesive promoter 5 wt 



The cured resins were evaluated for odor according to the 
procedure set forth above. The T H and the percent weight 
gain after immersion in J RF type 1 for one week at room 
temperature and pressure were also measured for each of the 
cured resins. The volume swell and weighl gain percentages 
were determined for each cured material as follows: 
w j •initial weight in air 
w 2 «initial weight in H : 0 
w 3 -final weight in air 
w. 4 -final weight in ILO 

% volume swell-l(X)x[(w 2 +w 3 )-(Wj+w^)]/(w 1 -w : ,) 
% weight gain-IOOx(w 3 -w 1 )/w 1 
The results are given in Table 1: 

TABLE 1 

Cured Resin 





1 


2 


3 4 


5 


6 


7 


« 


Odor 


0 


0 


0 0 


0 


0 


U 


U 


T p (*C.) 


-59 


-61 


-61 -63 




-56 


-59 


-58 


% fuel swell 


19 


22 




2 i 


iy 


24 


11 


% wt gain 


J4 


15 


15 23 


15 


15 


19 


21) 



In comparison, the control polymer had an odor of 1-2 
when cured. 

35 

EXAMPLE 9 

Polythioethers having a numher average molecular 
weight of 2100 and an average functionality F of 2.1 were 
40 prepared by combining a divinyl ether with a dithiol as 
shown in Table 2 and reacting the materials as described 
herein. The uncompounded polylhiocthcrs were then cured 
using 15 g of the curing agent described above and 0.30 g 
of DABCO. For each polythioether so prepared, the follow- 
45 m 8 quantities were measured: viscosity (uncured material, 
poise p); Shore A hardness (cured material. Rex durometcr 
value); % weight gain (cured material) after one week at 
140° F. (60° C.) and atmospheric pressure in JRF type 1; and 
C). Results were as follows: 



'Y (uncured material, 



50 



TABLE 2 



divinyl 
clher 






dithiol 




KCHDT 


DMDS 


DMDO 




DKG-DVE 


145 p 


(solid) 




24 p 




44 Rex 


94 Rex 


25 Rex 


25 Rex 




27*- 


3Cfc 


J4<>. 






-53 


-63 


-6y 


-77 


IM.UKiOL® * 


77 p 


41 p 


59 p 


25 p 




43 Hex 


47 Rex 


27 Rex 


23 Rex 




27% 


\\% 


IX% 


30% 




-57 


-61 


-67 


-76 


BD-DVE* 1 


185 p 


(solid) 


(solid) 


(solid) 




42 Rex 




2d Rex 


22 Rex 




44% 




2ir v 


44% 




-59 




-79 


-S5 


HD-DVE 


1 55 p 


(solid) 


(solid) 


(soft solid) 




50 Rex 




14 Rex 


2 ( J Rex 
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T/VBl.li 2 -continued 



divinyl dfthiol 



cihcr 


ECHUT 


DMDS 


DMDO 


HDP 1 




57% 




27"* 


08f 




-00 


-63 


-78 


-86 


ftrfy-THI* 


Ot p 


(solid) 


27 p 






J<0 Rex 


75 Rex 


17 Rex 






ft4<* 


ZVr 


M<* 






-69 


-79 


-79 





MMX'RIOI,® E-200 divinyl clhcr 

"Hutaacdiol divinyl ether 

• l'olytctrahydrot'uran divinyl ether 

''llexanedithiol 



From ihc foregoing tabic it is apparent that the following 
combinations of divinyl ether and dithiol afford liquid 
polythioelhers having unexpectedly superior fuel resistance 
and low temperature flexibility when cured: PLURIOU8) 
E-200/DMDO; and DEG-DVE/DMDO. Other potentially 
useful combinations include DEG-DVE/ECHDT; DEG- 
DVE/HDT; PLURIOL<8> E-200/ECHDT; PLURIOL® 
E-200/HDT; and poly-THF/DMDO. PLURIOL® E-200/ 
DMDS also has excellent fuel resistance and low tempera- 
ture flexibility when cured, but the uncompounded material 
does not remaiu in a liquid slate for an extended period of 
lime. 

EXAMPLE 10 
Addition of DMDS to PLURIOL<B>/DMDO Polymers 

Four liquid polythiols were prepared as described herein. 
lTic polymers had the following compositions (listed values 
arc molar equivalents): 





1 


2 


3 


4 


PI.URIOL® 


6.6 


6.6 


6.6 


6.6 


[•-200 










DMDO 


S 


6 


4.5 


4 


DMDS 


0 


2 


3.5 


4 



Each uncompounded polymer was cured as in Example 9 
(15 g of the curing agent composition and 0.30 g of 
DABCO),with the addiiion of 0.2 molar equivalents of TAC 
to afford polymers having a number average molecular 
weight of about 3000 and a functionality F of 2.2. For each 
polymer, ihe following properties were measured: T g (resin, 
° C); T s (cured, ° C); viscosity (p); % swell in JRF type I; 
% weight gain in JRF type I; and % weight gain in water. 
Results are given in Table 3. 



TABLE 3 




1 


2 


3 


4 


Tj, (rcsinj 


-67 


-06 


-04 


-63 


(cufed) 


-59 




-56 


-56 


Viscosity 


59 


53 


02 


HQ 


JRF 










% Swell 


24 


21 


21 


20 


% Wt Gain 


18 


15 


16 


16 


H,0 










% Wt ( rain 


n.tf 


11.5 


7.4 


7.5 



All of the foregoing polymers displayed excellent fuel 
resistance. Polymers 1 and 2 in particular also displayed 
excellent low temperature flexibility. 
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EXAMPLE U 
Addition of ECU DP to PLURIOL®/ DMDO Polymers 

Pour liquid polythiols were prepared as described herein. 
The polymers had the following compositions (listed values 
5 are molar equivalents): 



10 







2 


3 


4 


PI.l. RlOL » 


0.6 


0.0 


0.6 


0.6 


K-200 










DMDO 


it 


7 


6 


5 


liCHlJI' 


0 


1 


2 


.A 



15 Each uncompounded polymer was cured as in Example 
10 to afford polymers having a number average molecular 
weight of about 3000 and a functionality F of 2.2. For each 
polymer, the following properties were measured: T K (resin, 
° C); T (cured, ° C); viscosity (p); % swell in JRF type I; 

20 % weight gain in JRF type 1; and % weight gain in water. 
Results are given in Table 4. 



TABLE 4 



30 





1 




3 


4 


T g (resin) 
(cured ) 
Viscosilv 
JRF type 1 


-67 
-59 
59 


-60 
-59 
36 


-65 
-58 
44 


-64 
-56 

50 


rf Swell 


24 


25 


23 


29 


% Wl Gain 


IS 


IS 


19 


19 












% Wl Gain 


11.8 


10.8 


8.3 


7.8 



35 

All of the foregoing polymers displayed good fuel resis- 
tance and low temperature flexibility. 

EXAMPLE 12 

40 

In a 250 mL 3- neck flask equipped with a stirrer, ther- 
mometer and condenser, 87.7 g (0.554 mol) of DEG-DVE 
and 112.3 g (0.616 mol) of DMDO are mixed and heated to 
77° C. (about 170° F ). To the mixture Ls added 0.H g (4.2 
45 mmol) of VAZO® 67 catalyst. The reaction mixture is 
reacted at 82° C. (about 180° F.) for about 6 hours to afford 
200 g (0.06 mol, yield t007o) of a low viscosity liquid 
polythioether resin having a thiol equivalent of 1625 and a 
functionality F of 2.0. 

50 

EXAMPLE 13 

In a 250 mL 3 neck flask equipped with a stirrer, ther- 
mometer and condenser, 26.7 g (0.107 mol) of TAC, 56.4 g 

55 (0.357 mol) of DEG-DVE and 117.0 g (0.642 mol) of 
DMDO are mixed and heated to 77° C. (about 170° F). To 
the mixture is added 0.8 g (4.2 mmol) of VAZO 67 catalyst. 
The read ion mixture is reacted at 82° C (about 180° F.) for 
about 6 hours to afford 200 g (0.07 mol, yield 100%) of a 

60 high viscosity liquid polythioether resin having an equiva- 
lent of 800 and a functionality F of aboul 3.5. 

EXAMPLE 14 

Sealant Composition 
05 A sealant composition including the DMDO/DEG-DVE 
polythioether polymer of Example I was compounded as 
follows (amounts in parts by weight): 
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DMDO/DM i- D VK Polythioelhcr 
( alciutn carbonate 
Magnesium oxide 
Hhcnulte resin 
DMP-.V) 

Isopropyl alcohol 



100 
bO 
1 
1 
1 
3 



The compounded polymer was mixed intimately with the 
cpoxy resin airing agent of Examples 9-11 ahove, in the 
weight ratio of 10:1 and cured at ambient temperature and 
humidity. The following physical properties were obtained 
for the cured composition: 



Cure hardness at 25 c C. 


60 Shore A 


'Tensile strength at break 


550 psi 


Lion gat ion at break 


600% 


Notched tear strength 


MO p/i 


Ijow- temperature flexibility 


passed 


(AMS 3267 § 4.5.4.7) 





EXAMPLE 15 

Sealant Composition 

A sealant composition including the ECHDT/DEG-DVE 
polylhioether polymer of Example 9 was compounded as 
follows (amounts in parts by weight): 



V.C HDT/DKO- D VT Polythioelhcr 


100 


Calcium carbonate 


54 


Hydratcd aluminum oxide 


20 


Magnesium oxide 




Phenolic resin 




Hydrogenaled terphenyl plasticizer 


6 


DMP-30 


1 


(sop ropy 1 alcohol 


3 



The compounded polymer was mixed intimately with an 
cpoxy resin curing agent in the weight ratio of 10:1 and 
cured at ambient temperature and humidity. 'Itie following 
physical properties were obtained for the cured composition: 



Cure hardness at 25° C. 
Tensile strength at break 
Hongation at break 
Notched tear strength 
low* temperature flexibility 



72 Shore A 
550 psi 
450% 
85 p/l 
passed 



40 



45 



50 



EXAMPLE 16 
OIMerminated Capped Polylhioether 

In a 500 ml flask, 275.9 g (1.09 mol) PLURIOL® E-200 
divinyl ether, 174.7 g (0.95 mol) DM DO, 28.7 g (0.30 mol) 
3-mcrcaptopropanol and 1.83 g (7.3 mmol) TAC were 
mixed. The mixture was heated lo 70° C, and 2.3 g (12 
mmol) VA20® 67 were added slowly. The reaction mixture 
was stirred and healed at 85-90° C. for 4 hours to afford 480 
g (0. 15 mol, yield 100%) of a polymer having an equivalent 
weight of 1670 (number average molecular weight -3200, 
functionality 1 ; »2.05). 

EXAMPLE 17 
Oil- Terminated Capped Polythiocther 

In a 250 ml flask, 104.72 g (0.57 mol) DM DO, 80.73 g 
(0.51 mol) DEG-DVE and 14.96 g (0.13 mol) butanediol 



55 



b5 
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monovinyl ether were mixed and heated to 75° C. To the 
healed mixture 0.60 g (3 mmol) VAZO® 67 were added 
slowly. The reaction mixture was stirred and heated at 
75-85° C. for 6 hours to afford 200 g (0.064 mol, yield 
5 100%) of a clear, nearly colorless polymer with very low 
odor and a viscosity of 79 poise at 20° C. The equivalent 
weight was 1570 (number average molecular weight-3200, 
functionality F-2.00). 

10 EXAMPLE 18 

Vinyl-Terminated Polylhioether 

In a 250 ml flask, 97.63 g (0.53 mol) DM DO, 97.66 g 
(0.62 mol) DEG-DVE and 5.31 g (0.21 mol) TAC were 
mixed and heated to 70° C. To the heated mixture 0.80 g (4 

j 5 mmol) VAZO<® 67 were added slowly. The reaction mixture 
was stirred and heated at 85-90° C. for 4 hours to afford 200 
g(0.1 1 mol, yield 100%) of a low-odor polymer having a Y g 
of -68° C. and a viscosity of 25 poise at 20° C. The 
equivalent weight was 1570 (number average molecular 

2f , weight-1900, functionality F-2 2). 

EXAMPLE 19 
Ethyl Vinyl Ether-Term inatcd Polylhioether 

In a 100 ml flask, 43.05 g (0.24 mol) DM DO, 34.22 g 
(0.22 mol) DEG-DVE and 2.84 g (004 mol) ethyl vinyl 
elher were mixed and heated to 80° C. To the heated mixture 
0.28 g (1.5 mmol) VAZO® 67 were added slowly. The 
reaction mixture was stirred and heated at 85° C. for 6 hours 
to afford 80 g (0.02 mol, yield 100%) of a polymer having 
a T fi of -67° C. and a viscosity of 64 poise at 20° C. (number 
average molecular weigh t«4 100, functionality F-2,0). 
What is claimed is: 

1. A polymerizable composition comprising 
(i) about 30 to about 90 wt % of at least one polythiocther, 
said al least one polythioether comprising a structure 
having the formula 1 

_r'_(_s(chj / —c>-(— R 3 — o— U— (cn,) 2 —s— R l — i i 



wherein 

R 1 denotes a divalent C 2 . 6 n-alkyl, C V6 branched alkyl, 
C„ K cycloalkyl or C t 10 alkylcycioalkyl group, — [( — 
CH 2 — ) — X— CH 2 — ) r — , or _[(— CH 2 — 
— X — — ( — CH 2 — ) r — in which at least one 
— CH 2 — unit is substituted with a methyl group, 
R 2 denotes methylene, a divalent C^ e n-alkyl, C,. 0 
branched alkyl C 6 H cycloalkvl or C h 10 alkvlcycloalkyl 
group, or -[(— CtU—) p — X— 1^—CH 2 — ) — , 
X is one selected from the group consisting of O, S and 

— NR 6 — . 
R° denotes II or methyl, 
m is a rational number from 0 to 10, 
n is an integer from 1 to 60, 
p is an integer from 2 to 6, 
q is an integer from I to 5, and 
r is an integer from 2 to 10, 

said at least one polythioether being a liquid at room 
temperature and pressure, 
60 said al leasl one polythioether having a glass transition 
temperature not higher than -55 C, 

(ii) a curing agenl in an amount from about 90 to about 
150% of stoichiometric based on the amount of al least 
one polythioether, and 

(iii) about 5 to about 60 wi % of a filler, 
with all wt % being based on the total weight of non-volatile 
components of the composition, 
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wherein said composition is curable at a minimum tern- n is an integer from I to 60, 

pcralurc of 0 C. p | s an integer from 2 to 6, 

2. The polymeri/ablc composition of claim 1 which has a js fln { from { [Q ^ and 
glass transition temperature V u not higher than -60 C. 

3. The poivmerizable composition of claim I which, when 5 r * an ,nlc S er from 2 !o 

cured, has a percent volume swell not greater than 25% after ^id at least one polythioethcr being a liquid at room 

immersion in JRF type 1 for one week at 60° C. and ambient temperature and pressure, 

pressure. sa » d at ,easl onc polythiocther having a glass transition 

4. The polymerizable composition of claim 1 further temperature not greater than -50 C, 

comprising an additive selected from the group consisting of 10 (ii) a curing agent in an amount from about 90 to about 

a pigment in an amount from about 0.1 to about 10 wt %, a 150% of stoichiometric based on the amount of at least 

thixolrope in an amount from about 0.1 to about 5 wt %, an one polythioethcr, 

accelerator in an amount from about 0.1 to about 5 wt %, a a p i as ticizer in an amount from about 1 to about 40 

retardant in an amount from about 0.1 to about 5 wt % % an w! c/ 0 anc j 

adhesion promoter in an amoun. from about 0.1 to about 5 .5 ^ 5 {Q ^ M w| % Qf a , m 

wt %, and a masking agent in an amount from about 0.1 lo .;. ' , „ . . , . . , . , . . , c .... 

, A & & with all wl % beme based on the total weight of non-volatile 

about I wt %. t . fe . . & 

_ ,™ . ... ... r i • i i ' i components ot the composition, 

5. rhe poivmerizable composition of claim 1 which r r 

comprises a mixture of at least two different polythioelhers wherein said composition is curable at a minimum tem- 

(jy 20 perature of 0 C. 

6. A polymerizable composition comprising 7 - The polymcrizablc composition of claim 6 which has a 
(i) about 30 to about 90 wt % of at least one polythioether, glass transition temperature T, not greater than -55" C 

satd at least one polythioethcr comprising a structure 8 " ™ e Polymcr«.blc composition ot claim 6 which ^ when 

havin 1 the formula i cured, has a percent volume swell not greater than 25% alter 

25 unmersion for one week at room temperature and pressure. 

_ri_- (__s(cn.),— o— 1— R-— o— I,— <c:n .»,— s— k'— i,— i The polymerizable composition of claim 6 wherein said 

piasticizer is selected from the group consisting of phlhalale 

wherein esters, chlorinated paraffins and hydrogenaled terphenyls. 

R 1 denotes a divalent C\ ft n-alkyl, C 3 6 branched alkyl, ™ The polymerizable composition of claim 6 further 

cycloalkyl or C^ 0 alkylcycloalkyl group, — {(— 30 comprising an additive selected from tiic group consisting of 

Ql^ ) x L ( CH V , or — -[( CiU ) a pigment in an amount from about 0.1 to about 10 wt %, a 

X_T] C1K— ) r — in which at least one -<;IU— thixotrope in an amount from about 0.1 to about 5 wt %, an 

unit 1 substituted with a methyl group, accelerator in an amount from about 0.1 to about 5 wt %, a 

1>2 , , . i i , r , „ n retardant in an amount from about 0. 1 to about 5 wt %, an 

R" denotes methylene, a divalent C.^. 6 n-alkyl, C\_ 6 . . r \ ~ 

branched alkyl', C. . cycloalkyl oi C 6 . I0 alkylcy- « lesion promoter m an amoum from about 0.1 to about 5 

cloalky 1 group, or _[(-CIL-) p -X-],-(- w ' % - »«■ * ™sk.ng agent ,n an amount trom about 0. 1 to 

v about 1 wl To. 

1 r ' . . 11. The polymerizable composition of claim 6 which 

X is one^selccled from the group consisting of O, S and comprLscs a mixturc of at leasl two diff unJnl po l yI hioclhers 

— NR — , /;\ 

40 (0- 

R denotes H or methyl, 

m is a rational number from 0 lo 10, * * * * * 
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In re Application of 
Jonathan D. ZOOK et al 
Application No. 10/302,177 



DECISION ON PETITION 



Filed: November 21, 2002 
Attorney Docket No. 8303.0042-05 



This is a decision on the petition under the unintentional 
provisions of 37 CFR 1.137(b), filed October 9, 2007, to revive 
the above- identified application. 

The petition is GRANTED. 

The application became abandoned for failure to reply in a timely 
manner to the non-final Office action mailed February 19, 2003, 
which set a shortened statutory period for reply of three (3) 
months. No extensions of time under the provisions of 37 CFR 
1.136(a) were obtained. Accordingly, the application became 
abandoned on May 20, 2003. A Notice of Abandonment was mailed on 
September 15, 2003. 

A grantable petition under 37 CFR 1.137(b) must be accompanied 
by: 

(1) the required reply, unless previously filed; 

(2) the petition fee as set forth in 37 CFR 1.17(m); 

(3) a statement that the entire delay in filing the 
required reply from the due date for the reply until the 
filing of a grantable petition pursuant to 37 CFR 1.137(b) 
was unintentional; and 

(4) any terminal disclaimer (and fee as set forth in 37 CFR 
1.20(d)) required by 37 CFR 1.137(d). 

The petition satisfies the requirements of 37 CFR 1.137(b) in 
that petitioner has supplied (1) the reply in the form of a 
continuing application under 37 CFR 1.53(b); (2) the petition fee 
of $1,540; and (3) an adequate showing that the entire delay was 
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unintentional. No terminal disclaimer is required as a condition 
for reviving this application. 

This application is being revived solely for purposes of 
continuity. Therefore, as continuity has been established by 
this decision reviving this application, this application is 
again abandoned in favor of continuing Application No, 
10/644,389, filed August 19, 2003. 

As authorized, the $1,540 petition fee required by 37 CFR 1.17 (m) 
will be charged to petitioner's deposit account. Although 
authorized, no fee will be charged to an extension of time. An 
extension of time under 37 CFR 1.136 must be filed prior to the 
expiration of the maximum extendable period for reply. See In re 
Application of S , 8 USPQ2d 1630, 1631 (Comm'r Pats. 1988. 

Telephone inquiries concerning this decision should be directed 
to the undersigned at (571) 272-3218. 
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Office of Petitions 
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COMPOSITIONS AND METHOD FOR 
PRODUCING FUEL RESISTANT LIQUID 
POLYTHIOETHER POLYMERS WITH GOOD 
LOW TEMPERATURE FLEXIBILITY 

HELD OF THE INVENTION 

lhc present invention relates to liquid polylhioether poly- 
mers thai have good low temperature flexibility and fuel 
resistance when cured. The invention is also directed to 
methods for making the polymers by reacting poly thiols 
with oxygenated dienes (divinyl ethers) which substantially 
eliminate malodorous condensed cyclic by-products. 

BACKGROUND OF THE INVENTION 

Thiol -terminated sulfur-containing polymers are known 
to be well-suited for use in aerospace sealants due to their 
fuel resistant nature upon cross-linking. Among the com- 
mercially available polymeric materials which have suffi- 
cient sulfur content to exhibit this desirable property are the 
poly sulfide poly formal polymers described, e.g., in U.S. Pat. 
No. 2,466,963, and the alkyl side chain containing polylhio- 
ether poly ether polymers described, e.g., in U.S. Pat. No. 
4,366,307 to Singh et al. Materials useful in this context also 
have the desirable properties of low temperature flexibility 
(low glass transition temperature T^) and liquidity at room 
temperature. 

An additional desirable combination of properties for 
aerospace sealants which is much more difficult to obtain is 
the combination of long application time (i.e., the lime 
during which the sealant remains usable) and short curing 
lime (the time required to reach a predetermined strength). 
Singh et al., U.S. Pat. No. 4,366,307, disclose such materi- 
als. Singh et al teach the acid -catalyzed condensation of 
hydroxy 1-functional thioethers. The hydroxyl groups are in 
the p-posilion with respect to a sulfur atom for increased 
condensation reactivity. The Singh et al. patent also teaches 
the use of hydroxyl -functional thioethers with pendent 
methyl groups to afford polymers having good flexibility 
and liquidity. However, the disclosed condensation reaction 
has a maximum yield of about 75% of the desired conden- 
sation product. Furthermore, the acid-catalyzed reaction of 40 
P -hydroxy sulfide monomers yields significant quantities 
(typically not less than about 25%) of an aqueous solution of 
thermally stable and highly malodorous cyclic byproducts, 
such as l-thia-4-oxa-cycIohcxanc. As a result, the commer- 
cial viability of the disclosed polymers is limited. 

Another desirable feature in polymers suitable for use in 
aerospace sealants is high temperature resistance. Inclusion 
of covalently bonded sulfur atoms in organic polymers has 
been shown to enhance high temperature performance. 
However, in the polysulfide poly formal polymers disclosed 
in U.S. Pat. No. 2,466,963, the multiple — S — S — linkages 
in the polymer backbones result in compromised thermal 
resistance. In the polymers of Singh el a I., U.S. Pat. No. 
4,366,307, enhanced thermal stability is achieved through 
replacement of polysuliide linkages with polythioether 
( — S — ) linkages. In practice, however, the disclosed mate- 
rials also have compromised thermal resistance due to traecs 
of the residual acid condensation catalyst. 

Morris el al., U.S. Pal. No. 4,609,762, describes reacting 
dithiols with secondary or tertiary alcohols to afford liquid 
polythioethers having no oxygen in the polymeric backbone. 
Cured polymeric materials formed from these polymers 
have the disadvantage, however, of reduced fuel resistance 
due to the large number of pendent methyl groups lhal are 
present. In addition, residual catalyst from the disclosed 
process generates undesirable aqueous acidic waste. 

Cameron, U.S. Pal. No. 5,225,472, discloses production 
of polylhioether polymers by the acid-catalyzed condensa- 



tion of dithiols with active carbonyl compounds such as 
IICOOH. Again, this process generates undesirable aqueous 
acidic waste. 

Itie addition polymerization of aliphatic dithiols with 
diene monomers has been described in the literature. See, 
e.g., KJcmm, E. et al.,7. Macrumol. ScL-Chem., A28(9), pp. 
875-H83 (1991); Nuyken, O. el il.Maknmal Client., Rapid 
Commim. 11, 365-373 (1990). However, neither Klemm et 
al. nor Nuyken suggest selection of particular starting 
materials, specifically divinyl ethers and dithiols, such that 
a polymer is formed that is liquid at room temperature and, 
upon curing, has excellent low-temperature flexibility (low 
T g ) and high resistance to fuels, i.e., hydrocarbon fluids. Nor 
do Klemm et al. suggest production of a polymer that in 
addition is curable al room or lower temperatures. Moreover, 
the reactions disclosed by Klemm et al. also generate 
undesirable cyclic byproducts. 

SUMMARY OF THE PREFERRED 
EMBODIMENTS 

In accordance with one aspect of the present invention, 
there is provided a polythioether having the formula I 

— R 1 —{ — s — (CH,) 2 — O— I — R ! — O — L. — (mrf 2 — S — R 1 — | 



45 



50 



60 



05 



wherein 

R 1 denotes a divalent C 



n-alkyl, C 3 _ 6 branched alkyl, 
C 68 cycloalkyl or C 6 10 alkylcyeloalkyl group, — [( — 
CII 2 — ) p — X— ] L— (— CM.-)—, or — [( — C:il. — > 
— X — } q — ( — C\\ z — ) r — ill which at least one 
— CH 2 — unit is substituted with a mclhyl group, 
R 2 denotes methylene, a divalent C 2 . 6 n-alkyl, C 2 _ 6 
branched alkyl, 
cloalkyl group, 



_4 ( ^i 2 -)„-x-]^-ai 2 -) 

35 — , or — [(— CH 2 — ) p — X— J^— (— CH 2 — ) r — in 
which at least one — CH 2 — unit is substituted with a 
methyl group, X denotes one selected from the group 
consisting of O, S and — NR 6 — , 
R e denotes H or methyl, 
m is a ralional number from (1 to 10, 
n is an integer from 1 to 60, 
p is an integer from 2 to 6, 
q is an integer from 1 to 5, and 
r is an integer from 2 lo 10, 
Ihe polylhioether being a liquid at room temperature and 
pressure. 

Preferably ihe polythioether has a number average 
molecular weight between about 500 and about 20,000. 

In a first preferred embodiment, the polythioether has the 
formula II 

a— (— IK 3 ],— R*) 2 it 
wherein 

A denotes a structure having the formula 1, 
y is 0 or 1, 

R 3 denotes a single bond when y»0 and — S — (CU 2 ) 2 — 

[ — O — \i z — — O — when y-1, 
R 4 denotes — SH or — S — ( — CIK— ). — O — R 5 when 
y*0 and —CH.=CI1, or — ( CI L — ^ — S — R 5 when 

y-i, 

R 5 denotes C ut> n-alkyl which is unsubstituted or substi- 
tuted with at least one — OH or — NHR 7 group, and 
R 7 denotes II ur a C lr6 n-alkyl group. 
Polythioethers in which R 4 is — SI I are 'uncapped," that 
is, include unreacted terminal thiol groups. Polythioethers 
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according lo the invention also include "capped'* CH.-ai—o— R* vi 

polylhioclhcrs, thai is, polythioclhers including terminal or a mixture of two diirerent compounds having Ihe formula 

groups other lhan unreacled (hiol groups. These terminal VI, in the presence of a catalyst. Ihe cat alysl is selected from 

groups can be groups such as — OH or -NH : , or groups (he g roup consisting of free-radical catalysts, ionic catalysis 

such as alkyl or terminal ethylenically unsaturated groups. 5 and u a rav i 0 i c , |j gnl Preferably the catalyst is a free-radical 

In a more particular preferred embodiment, y-0 in for- catalyst such as an azo compound, 

mula II and R 4 denotes — SH. That is, the potythioether is According to a second preferred embodiment, a polythio- 

ati uncapped polythioelher having the structure etherof the invention isproducedby reacting (n) equivalents 

of a compound having the formula I V, or a mixture of at least 

II ^^1^~ (Cn: ' , '" OH ~ R "-°-~ L ~^ CH ^~^ 10 two different compounds having the formula IV, with (n+1) 

equivalents of a compound having the formula V, or a 

In another more particular preferred embodiment, the mixture of at least two different compounds having the 

inventive polythioether is a capped polythioelher in which formula V, optionally together with 0.05 to about 2 equiva- 

y«0 in formula II and K" 1 denotes — S— (— CH 2 — ) : — O i cnUs 0 f a compound having Ihe formula VII 

— R/\ Particularly preferably, is an unsubstituted or 15 s 

substituted n-alkyl group such as ethyl, 4-hydroxybutyl or flS ~~ R 

3-aminopropyI. or a mixture of two different compounds having the formula 

In still another particular preferred embodiment, y -1 in VII, in the presence of a catalyst as described above, 
formula II and R*' denotes — CH=CH 2 That is, the poly- Analogous methods for producing polyfunctional poly- 
thioelher is an uncapped polythioether having terminal vinyl 20 thioethers using the foregoing reactants together with appro- 
groups, priate polyfunctionalizing agents are also provided. 

In yet another more particular preferred embodiment, the Polylhioethers produced by the foregoing methods are 

inventive polythioether is a capped polythioether in which also provided. 

y-1 in formula II and R 4 denotes — -<CII 2 — ) 2 — S — R s . In accordance with yet another aspect of the present 

In a second preferred embodiment, the polythioether has 25 invention, there is provided a polymerizablc composition 

the formula III comprising (i) about 30 lo about 90 wt % of at least one 

3l 4 polythioether as defined herein, said at least one polylhio- 

13— (a— [R — R ), et j ief nav j n g a t rans i|j on temperature not greater than 

wherein -55° C, (ii) a curing agent in an amount from about 90 to 

A denotes a structure having the formula 1, 30 about 150% of stoichiometric based on the amount of said 

y js (j or j at least one polythioether, and (iii) about 5 to about 60 wt % 

R 3 denotes a single bond when y-0 and _S-<(:if^- ^ a Idler with all wt % being ha.sed on the total weight of 

r q q wncn v „i " " non-volatile components ot the composition, the inventive 

_4 . „ e . ' . v .>$ . composition is curable at a temperature of 0° C. or higher, 

denote, -SH » r — S— (— CI l -) -l)-R when „ £ ^ ^ UuK „ f c „, ^ 

y-0 and -CII,=C.H 2 or -(UK-) : -S-R when |(j ^ a[) addi , iona| aspec , of thc prescm 

J 9 invention, there is provided a polymerizablc composition 

R 5 denotes C u6 n-alkyl which is unsubstituted or substi- comprising (i) about 30 to about 90 wt % of at least one 

tuled with at least one — OH or — NIIR group, polythioether as defined herein, said at least one polythio- 

R 7 denotes II or a C,. 6 n-alkyl group. 4n ether having a glass transition temperature not greater than 

z is an integer from 3 to 6, and -50° C, (ii) a curing agent in an amount from about 90 to 

B denotes a z-valent residue of a polyfunctionalizing about 1 50% of stoichiometric based on the amount of said 

agent, at least one polythioelher, (iii) a plasticizer in an amount 

That is, Ihe polyfunctionalizcd embodiments include three from about 1 to about 40 wt and (iv) a filler in an amount 

or more structures of the formula I bound to the residue of 45 from about 5 to about 60 wt %, with all wt % being based 

an appropriate polyfunctionalizing agent. on the total weight of non-volatile components of thc 

In a more specific embodiment, z is 3, and the polyfunc- composition. The composition is curable at a temperature of 

tionalizing agent thus is a trifunctionalizing agent. In 0° C. or higher, preferably at a temperature of -20° C or 

another more specific embodiment, the average functionality higher. 

of the polythioether rauges between about 2.05 and about 50 Cured polymeric materials prepared by polymerization of 

3 ()Q the foregoing compositions are also provided. 

In accordance with another aspect of thc present Other objects, features and advantages of the present 

invention, there are provided methods of producing the invention will Income apparent to those skilled in the art 

foregoing polythioethcrs. from the following detailed description. It is to be 

According to a first preferred embodiment, a polythioel- 55 understood, however, that the detailed description and spe- 

her of the invention is produced by reacting (n + I) equiva- cilic examples, while indicating preferred embodiments of 

lents (e.g., moles) of a compound having the formula IV ihe present invention, are given by way of illustration and 

not limitation. Many changes and modifications within the 

US — R 1 — SI I iv scope of the present invention may be made without depart- 

or a mixture of at least two different compounds having thc 60 ™& ^m the spirit thereof, and the invention includes all 

formula IV, with (n) equivalents of a compound having thc such modulations. 

formula V brief DESCRIPTION OF TUB DRAWINGS 

ch,«CH— o— 1— R — <>— L— ril=cn. ; v yh c invention may be more readily understood by refer- 

or a mixture of at least two different compounds having the 65 ring lo ihe accompanying drawings in which 

formula V, and optionally about 0.05 to about 2 equivalents 1**10. 1 depicts linear graphs of extrusion rate (L) versus 

of a compound having the formula VI time (T) for sealant compositions of the invention in com- 
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parison to extrusion rate curves for known types of sealant similar to those described in ASTM 1)792 or AMS 3269. 

composiiion, and Thus, in a preferred embodiment, the inventive polymers 

2 is a .semi-log graph of the extrusion rate curve of have, when cured, a percent volume swell not greater than 

a polythioether of the invention (♦) and a prior art poiysul- - 5% afltir immersion for one week at 140° I (60 C.) and 

lide (■) 5 amn ' cnl pressure in jet reference Hind (JRI) type L Very 

preferablv, the percent volume swell of the cured polymers 

DETAILED DESCRIFHON OF THE is not greater than 20%. 

PRlil LRRlil) EMBODIMENTS JRF type 1 , as employed herein for determination of fuel 

it k. • i i~ r , i ,l, . » m u;«,i;«« resistance, has the following composition (see AMS 2629, 

It has surprisingly been discovered that the combination , ( . 6 ,.; , .. k)l 

of certain polythiols with oxygenated dienes according to 10 • ™* " cl | ! B0 ? AA Cl "ft av "SJ J™ 

the present invention results in polythioether polymers that of Automotive Engineers, Warrendale, Pa.), 

are liquids at room temperature and pressure and that have Toluene 28*1% by volume 

desirable physical and Theological properties, and that fur- Cyelohexane (technical) 34±1% by volume 

thermore are substantially free of malodorous cyclic Isooctane 38±1% by volume 

by-products. The inventive materials are also substantially 15 JcT{[ (doclor swccl) 1±0 .()05% by 

free of deleterious catalyst residues, and hence have superior volume 

thermal resistance properties. j M Qms% ±Q{m5 b wci hl of 

According to the present invention, polylhioethors arc ^ ^ ^ ncnLs 

provided that are liquid at room temperature and pressure ^ ^ nh] {hc invcnlive po | yth i oe thers have number avcr- 

and have excellent low temperature llcxibilily (low \ g ) and molccuiar wcights ranging frum about 500 to 20.000, 

fuel resistance. As used herein, the Icnr i"room temperature fcfabl about { (m to l0 ^ preferably about 

and pressure" denotes approximately 77 F. (25 C), and 1 ? ^ ^ ^ 

atmosphere. liquid polythioether polymers within the scope of the 
In their most general aspect, the inventive polythiocthcrs 25 prcscnt invention can be afunctional, that is, linear poly- 
include a structure having the formula I ^ mcrs naving lwo cnd groups , or polyfunctional, that is, 
—R 1 — { — S — (CH 2 ) 2 — O — [ — R~ O ] m (CH 2 ) 2 S branched polymers having three or more end groups. 
R — L Depending on the relative amounts of clithiol(s) and divinyl 

elher(s) used to prepare the polymers, the polymers can have 

wherein 3 0 terminal thiol groups ( — SH) or terminal vinyl groups 

R 1 denotes a divalent C 2 _ 6 n-alkyl, C V6 branched alkyl, (— CH=CTI 2 ). Furthermore, the polymers can be uncapped, 

C M cycloalkyl or C 6 . 10 alkylcycloalkyl group, — {( — that is, include thiol or vinyl terminal groups that are not 

CH, — )„ — X — ] (f — ( — CH 2 -)r — » °r — [( — CH 2 — ) further reacted, or capped, that is, include thiol or vinyl 

-X],— (— CII,— ) r — in which at least one groups that are further reacted with other compounds. Cap- 



p 



— CIU— unit is substituted with a methyl group, 35 ping the poiythioethersof the invention enables introduction 

R 2 denotes methylene, a divalent C 2 _ 6 n-alkyl, C 2 . 0 of additional terminal functionalities, for example, hydroxyl 

branched alkyl, C 6 . H cycloalkyl or C 6 . 1U alkylcy- or amine groups, to the inventive polymers, or in the 

cloalkyl group, — [( — CH 2 — L — X — J^-— ( — CIU — ) alternative, introduction of end groups that resist further 

r — or — [( — c:il 2 — ) p — X — — ( — CII 2 — ) r — in reaction, such as terminal alkyl groups, 

which at least one — CII 2 — unit is substituted with a 40 A first preferred embodiment of the inventive polythio- 

methyl group, ethers has the formula II 

X denotes one selected from the group consisting of 0, S y ( 

and — NR 6 — , A— (HR M* h » 

R 6 denotes H or melhvl, wherein 

m is a rational number from 0 to 10, * A denotes a structure having the formula I, 

n is an integer from 1 to 60, y , s 0 or \ t 

p is an integer from 2 to 6, ^ denotes a single bond when y-0 and — S— (UI 2 ) 2 — 

q is an integer from I to 5, and [ — O — R 2 — ^ — O — when y-1, 

r is an integer from 2 10 10. 50 R'* denotes — SH or — S — ( — CH 2 — ) 2 — O — R* when 

Preferably, a polythioether polymer according to the y-0 and — CH 2 «CH 2 or — ( CIl 2 — ) 2 — S — R 5 when 

invention has a glass transition temperature T g that is not y-1, 

higher than -50° C. More preferably, the T x of the inventive R $ fonQlGS C,. (i n-alkyl which is unsubslituted or substi- 

polymer is not higher than -55° C. Very preferably, the T g tulcd wilh al kasl one _< )H or — NHR 7 group, and 

of the inventive polymer Ls not higher than 1 -60° C Low T, 55 r7 H or a c „. a , ky , grou „ 

is indicative of good low temperature flexibility, which can ^ polythioclhcrs of lhe formula „ arc lincar> difunc . 

be determined by known methods, for example by the |i(mt| , vmcB whicn can bc uncappcU or capped . Whcn 

methods described in AMS (Aerospace Materia y . 0t the polvmer includes terminal thiol groups or capped 

Specification) 3267 §4.5.4.7, M1L-S (Military Specification) dcrivativcs mcrcof Whcn { (hc , indudcs lcrmi . 

-8802E §3.3.12 and MIL-S-29574, and by methods similar 60 ^ vjnyI of d dcrivalivcs lhercor 

to those described in AS I M (American Society for lest.ng According l0 onc preferred embodiment, the inventive 

and Materials) D522-H8 polythioether is a difunctional thiol-lerminaled (uncapped) 

The polythioethersol lhe invention exhibit very desirable poIylhklulhcr ^at is, in formula II, y«0 and R 4 is — SH. 

fuel resistance characteristics when cured. One measure of ^ , lhioclhcr hus , hc fol i uwing structure : 
the fuel resistance of the inventive polymers is their percent ttf 

volume swell after prolonged exposure to a hydrocarbon R i_(_s— (Cl! 2 ),— O— |— R*'— C)— L— <CH,j..-^— 

fuel, which can be quantitatively determined using methods r 1 — \,—&U. 
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The foregoing polymers arc produced, for example, by R 7 denotes II or a C,.,, n-alkyl group, 

rcaeling a divinyl ether or mixture thereof with an excess of z j s an integer from 3 to 6, and 

a dilhiol or mixture thereof, as discussed in delali below. , } dcnotcs a z . vakn| rcsk)ue of a 1H)1 y ftlIM . li()na | izin g 

In a more particular preterred embodiment of the forego- a g Cnl 

ing polythioether, when m-1 and R=-n-b..lyl in formula II, 5 ^ wj(h , hc preccding di f unctional embodiments, the 

R is not ethyl or n-propyl. Also preferably, when m-1, p-2, fore g oin g polvfunctional polythioethers of the present 

q-2, r-2 and R--ethyl, X is not O. invention can include terminal — SH or — CH=OH, 

According to another preferred embodiment, the inven- groups 0[ can be ca d and , hus jndude , Cfminal . S _I 

live polythioelhcr is a capped polymer in which the forego- ( _ n) ^^r* or _((-„ > $_ R s ,, ar . 

ing terminal — SH groups are replaced by — S -(-CI1.— ) in lia „ y J app ; d ^y^^ ^y^cn, i.e.. polymers in 

._0_r . Such caps are produced by rcacuon of lhc wmch ^ b(1| no , a „ of (he branches aru ca pcdi arc also 

terminal thiol group with a monovinyl ether, for example by wi , hjn ||jc of |he presem iuvemion 

including in the reaction mixture a capping agent or mixture Spucific polyfunctionalizing agents include trifunctional- 

thereot, as di.scassed in detail below. i/jng ^ |ha , js a)mpounds wilh .,_ 3 Prclcrrcd lrifunc . 

In Ihe foregoing, R denotes an unsubstituled or subsl.- 15 lionaljzi a ts include lriaUy i cvanura , e (T AC.), which is 

.uted alkyl group, prelerably a C,. s n-alkyl group which is reac , ivc wi , h compounds of tne formu|a „ (R «. al i y |), an d 

unsuhstituted or subslitutcd with at least one -OH or , >2> 3.p rnpan e,rithiol, which is reactive with compounds of 

— NIIR group, with R denoting H or C,.„ n-alkyl. Lxem- (hu formula m (R » SH ) 

plary useful R 5 groups include alkyl groups, such as ethyl. Agents having mixed functionality, i.e.. agents that 

propyl and bulyl; hydroxyl-subs.itutcd groups such as 20 iac l u de moieties (typically separate moieties) that react with 

4-hydroxyhutyl; amine -substituted groups such as both thiol and vinyl groups, can also be employed. 

3-aminopropyl; etc. Other useful polyfunctionali/ing agents include trimelhy- 

Polythioelhers according to the invention also include lolpropanc , riviny , ether> and lhc p( , lythiols described in 

difunctional vinyl-terminated (uncapped) polythioethers. u s p a , No 4>366 i307i yj s p at No 4 609j 762 and U S . 

ITiat is, in formula II. y-1 and R is — (:il=CII,. Chcsc 25 p a( No 5>2 25,472, the disclosures of each of which are 

polymers are produced, for example, by reacting a d.th.ol or incorpora , cd in , heir entireties herein by reference, 

mixture thereof with an excess of a divmyl ether or mixture Polyfunctionalizing agents having more than three rcac- 

ihcreof, as discussed in detail below Analogous capped ^ moic(jes ( ; e z>3) afifo(d ..^ ^Hoabm and 

polythioethers include terminal -<CH 3 — ),— S-R . hypcrtoranehed polythioethers. For example, two equivalents 

The foregoing polythioethers arc linear polymers having 30 orrAC can be fcactcd wi , h one mo , e of a mM , 0 a|Tord 

a functionality of 2 (considering alkyl and other non-reactive a materja| havi afl avc functionality of 4. nis matc . 

caps within thus total). Polythioethers having higher func- rja , can , hcn be reactcd wj|h a djvi , clhcr amJ a djlbu) , , () 

tionality are also wnhin .he scope ol the present invention. iM a , which can m (urn be mixcd wj|h a lrjfunc . 

Such polymers are prepared, as discussed in detail below, by lionalizi , to afford a , blend havi an 

using a polyfunctionalizing agent. 1 he term -polyfunction- 35 a e lunclioiiality betwecn 3 and 4. 

ali/ing agent" as employed herein denotes a compound Pdyihioethers as described above have a wide range of 

having more than two moieties that are reactive with termi- aV crage functionality 

nal SH and/or — < H=C.IU groups. The polyfunction^- t . or cxamplc> tr if un clionalizing agents afford average 

izing agent prelerably includes trom 3 to 6 such moieties. functionali , ics from aboul 2 .() 5 to 3.0, preferably about 2.1 

and thus ,s denoted a "/.-valent polytunct.onal.71ng agent 40 |Q , fi wjdcr rangcs of avcragc functionalily can ^ 

where z .s the number (preferably trom 3 to 6) of such acnicvcd by using qua ,em ary or higher polyfunctionalizing 

moieties included in the agent, and hence the number of functionality will aLso be affected bv factor such as 

separate branches which the polylunet.onal polythioether stoichiomclrv> as h * knt)Wn (0 lhose skillcd in lhe art . 

comprises. ITic polyfunctionalizing agent can be represented Methods of making the foregoing polyfunclional poly- 

by the formula 45 , hioelhcr5 are discusst;d „, dcla u be i ow . 

3_( R ») Polythioethers within the scope of the present invention 

arc prepared by a number of methods. According to a first 

where R 8 denotes a moiety that is reactive with terminal preferred method, (n+1) equivalents of a compound having 

— Sll or — (.■H=(.'H; and can be the same or different, and ihe formula IV 

B is the z-valenl residue of the polyfunctionalizing agent, 50 

i.e., lhe ponion of the agent other than the reactive moieties US — R' — Sll IV 

R Polvfunctional polythioethers according to the prcsen. ° r a m >* { ™ of al ,wo dlffen:nl «™P»un<ls having lhc 

invention thus preferably have the formula 111 [ ormula ' V - are r f c ' cd w,,h n of a compound 

55 having lhc formula V 



ft— (A — I R J ) — R *) r III 



cif,^=c:n— c>h— R J — o— ^rn^c:!!. 



wherein 

A . , f , , or a mixture ol at least two diucrcnl compounds having the 

A denotes a structure having the formula 1, , . f » f ..f 

lormula V t m the presence or a catalyst. In formulas IV and 

y LS 0 or ll 60 V above, R 1 , R 2 and all indices are defined as in formula I. 

R 3 denotes a single bond when y-0 and — S— (CIU)-. — method atTords an uncapped, thiol -terminated difunc- 

t—O—R 2 — ],„—()— when y-1, lional po lyihioethcr. 

R 4 denotes — SH or — S — ( — CH 2 — ) 2 — O — R 5 when The compounds of formula IV are dithiol compounds. 

y-0 and — CII 2 =CH = or — (ClU — ); — S— R 5 when Preferred dithiols include those compounds in which R 1 is a 

y«l, 65 divalent C : . 6 n-alkyl group, i.e., 1,2-ethanedithiol, 1,3- 

R s denotes C,_ 0 n-alkyl which is unsubstituled or subsli- propanedithiol, 1,4-butanedithiol, 1 ,5-pentanedithiol or 1,6- 

luted with al least one — OH or — NIIR 7 group, hexanedithiol. 
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Additional preferred dithiols include those compounds in Other useful divinyl ethers include compounds in which 

which R 1 is a divalent C V6 branched alkyl group, having one R 2 is polytctrahydrofuryl (poly-iliF) or polyoxyalkylene, 

or more pendent groups which can be, for example, methyl preferably having an average of about 3 monomer units, 

or ethyl groups. Preferred compounds having branched alkyl Two or more compounds of the formula V can be used in 

R 1 include 1,2-propanedithiol, 1,3-bulanedilhiol, 2,3* 5 the foregoing method. Thus in preferred embodiments of the 

butanedilhiol, 1 ,3-pentanedith iol, 1 ,3-dithio-3- invention, two compounds of formula IV and one com- 

methylbutanc and 23-bulanedithiol. Other useful dithiols pounds of formula V, one compound of formula IV and two 

include those in which R 1 is a divalent C ft . M cycloalkyl or compounds of formula V, two compounds of formula IV and 

C ft ., 0 alkylcycloalkyl group, for example, dipentenedimcr- of formula V, and more than two compounds of one or both 

captan and elhylcyclohexyldithiol (ECHDT). formulas, can be used to produce a variety of polythioethers 

Further preferred dithiols include one or more heteroatom according to the invention, and all such combinations of 

substitucnLs in the carbon backbone, that is dithiols in which compounds are contemplated as being within the scope ot 

X is a heteroatom such as O, S or another bivalent heteroa- the invention. 

torn radical; a secondary or tertiary amine group, i.e.. Although, as indicated above, compounds of the formulas 

— NR 6 — , where R 6 is hydrogen or methyl; or another IV and V which have pendent alkyl groups, for example 

substituted trivalent heteroatom. In a preferred embodiment, 15 pendent methyl groups, are useful according to the 

X is 0 or S, and thus R 1 Ls — [( — Cl\ z — )„ — O — \, — ( — invention, it has surprisingly been discovered that com- 

CH 2 — ) r — or — {( — CH 2 — S — ],,— (—CM, — )— . pounds of the formulas IV and V which are free of pendent 

Preferably, the indices p and r are equal, and very preferably methyl or other alkyl groups also afford polythioethers that 

both have the value of 2. Particularly preferred exemplary arc \^ u ^ a , room temperature and pressure, 

dithiols of this type include dimercaptodiethylsulfide 20 ) hc reaction between the compounds of formulas IV and 

(DMDS) (p, r-2, q«l, X-S); dimercaptodioxaoctane V is preferably catalyzed by a free radical catalyst. Preferred 

(DM DO) (p, q, r-2, X-0); and l,5-dilhio-3-oxapentane. h is lrcc ratnca | catalysis include azo compounds, for example 

also passible to employ dithiols that include both heteroatom azobisnitrile compounds such as azo(bis)isobutyrumlrile 

subslituents in the carbon backbone and pendent alkyl, in (A113N); organic peroxides such as benzoyl peroxide and 

particular methyl, groups. Such compounds include methyl- 25 ^bulyl peroxide; and inorganic peroxides such as hydrogen 
substituted DMDS, such as US — CI I XI I( C II peroxide. The reaction can also be effected by irradiation 

CH 2 CH 2 — SH, US — CH(CH 3 )CH 2 — S — Cll 2 CH 2 — SH w j tn ultraviolet light cither with or without a cationic 

and dimethyl substituted DMDS such as US — OIXH photoinitiating moiety. Ionic catalysis methods, using either 

(CH 3 ) — S — CI l(CH 3 )CH 2 — SH and IIS — CII(CH 3 )CH 2 — inorganic or organic bases, e.g., triethylamine, aLso yield 

S — C1IXH(CH 3 ) — SI I. 30 ma i cr ials useful in the context of this invention. 

Two or more different dithiols of formula IV can also be Capped analogs to the foregoing polythioethers can be 

employed if desired in preparing polythioethers according to prepared by reacting (n+i) equivalent of a compound 

the invention. having the formula IV or a mixture of at least two different 

The compounds of formula V are divinyl ethers. Divinyl compounds having the formula IV, (n) equivalents of a 

ether itself (m-0) can be used. Preferred divinyl ethers 35 comp ound having the formula V or a mixture of at least two 

include those compounds having at least one alkoxy group, different compounds having the formula V, and about 0.05 to 

more preferably from 1 to 4 alkoxy groups (i.e., those abuul 2 equivalents of a compound having the formula VI 
compounds in which m is an integer from I to 4 ). Very 

preferably, m is an integer from 2 to 4. It is also possible to cH,=<li-o— 

employ commercially available divinyl ether mixtures in 40 or a mixture of two different compounds having the formula 

producing polythioethers according to the invention. Such VI, in the presence of an appropriate catalyst, 

mixtures are characterized by a non- integral average value Compounds of the formula VI are monovinyl ethers, 

for the number of alkoxy units per molecule. Inus, m in which react with terminal thiol groups to cap the polythio- 

forraula V can also take on non-integral, rational values ether polymer. Preferred monovinyl ethers of the formula VI 

between 0 and 10, preferably between 1 and 10, very 45 include amino- and hydroxyalkyl vinyl ethers, such as 

preferably between 1 and 4, particularly between 2 and 4. 3-aminopropyl vinyl ether and 4-hydroxybutyl vinyl ether 

Exemplary divinyl ethers include those compounds in (butanediol monovinyl ether), as well as unsubstituted alkyl 

which R 2 is C 2 . 6 n-alkyl or C\ 6 branched alkyl. Preferred vinyl ethers such as ethyl vinyl ether. Use of 2 equivalents 

divinyl ethers of this type include ethylene glycol divinyl of compounds of the formula VI affords fully capped 

ether (EG-DVE) (R 2 -ethyI, m-1); butanediol divinyl ether 50 polymers, while use of lesser amounLs results in partially 

(BD-DVE) (R 2 «butyl, m-1); hexanediol divinyl ether (I ID- capped polymers. 

DVE) (R 2 »hexyl, m«l); dieihylene glycol divinyl ether According to another preferred method, (n) equivalents of 

(DEG-UVE) (R 2 -ctbyl, m-2); trielhylcnc glycol divinyl a compound having the formula !V, or a mixture of at least 

ether (R 2 =cthyl, m-3); and tetraelhylene glycol divinyl ether two different compounds having the formula IV, are reacted 

(R 2 -ethyl, m-4). Useful divinyl ether blends include 'PLU- 55 with (n+ 1) eqivalents of a compound having the formula V, 

RIOIj©" type blends such as PI.URIOL® E-200 divinyl or a mixture of at least two different compounds having the 

eiher (commercially available from BASF), for which formula V, again in the presence of an appropriate catalyst. 

R 2 -clhyl and m-3.8, as well as "DPE" polymeric blends This method affords an uncapped, vinyl-terminated difunc- 

such as DPE-2 and DPE-3 (commercially available from lional polythioethcr. 

International Specially Products, Wayne, N.J.). Of these, 60 Capped analogs to the foregoing vinyl-terminated poly- 

DE(i-DVE and PI.URIOL® E-200 arc particularly pre- thioethers can be prepared by reacting (n+l) equivalents (if 

ferred. a compound having the formula V or a mixture of at least 

Useful divinyl ethers in which R 2 is C 2 . 6 branched alkyl two different compounds having the formula V, (n) equiva- 

can be prepared by reacting a polyhydroxy compound with lents of a compound having the formula IV or a mixture of 

acetylene. Exemplary compounds of this type include com- n5 at least two different compounds having the formula IV, and 

pounds in which R 2 is an alkyl-subslituled methylene group about 0.05 to about 2 equivalents of a compound having the 

such as — CH(CH 3 )— or —CI IXI l(CH ,)—. ~ formula VII 
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IIS— VII 

or a mixture of two different compounds having the formula 
VII, in the presence of an appropriate catalyst. 

Compounds of the formula VII are monothiols, which can 
be unsubstituled or substituted with, e.g., hydroxyl or amino 5 
groups. Exemplary capping compounds of the formula VII 
include mercaptoalcohols such as 3-mercaptopropanol, and 
mcrcaploamincs such as 4-mercaptobutylamine. 

Poly functional analogs of the foregoing di functional 
polylhiocthers are similarly prepared by combining one or 10 
more compounds of formula IV and one or more compounds 
of formula V, in appropriate amounts, with a polyfunction- 
alizing agent as described above, and reacting the mixture. 
Thus, according to one method for making poly functional 
polylhiocthers of the present invention, (n+1) equivalents a 15 
compound or compounds having the formula IV, (n) equiva- 
lents of a compound or compounds having the formula V, 
and a z-valcnl polyfunctionalizing agent, arc combined to 
form a reaction mixture. The mixture is then reacted in the 
presence of a suitable catalyst as described above to aflford 20 
thiol-terminaled poly functional polylhiocthers. Capped ana- 
logs of the foregoing polythioeihers are prepared by inclu- 
sion in the starling reaction mixture of about 0.05 to about 
(z) equivalents one or more appropriate capping compounds 
VI. Use of (z) equivalents affords fully capped polyfunc- 25 
tional polymers, while use of lesser amounts again yields 
partially capped polymers. 

Similarly, (n) equivalents a compound or compounds 
having the formula IV, (n+I) equivalents of a compound or 
compounds having the formula V, and a z-valcnt polyfunc- JO 
tionalizing agent, are combined to form a reaction mixture 
and reacted as above to afford vinyl-terminated polyfunc- 
lional polylhiocthers. Capped analogs of the foregoing poly- 
thioethers are prepared by inclusion in the starting reaction 
mixture of one or more appropriate capping compounds VII . 35 

The inventive polylhioelhers preferably are prepared by 
combining at least one compound of formula IV and at least 
one compound of formula V, optionally togelher with one or 
capping compounds VI and/or VII as appropriate, and/or a 
polyfunctionalizing agent, followed by addition of an appro- 40 
priate catalyst, and carrying out the reaction at a temperature 
from about 30 to about 120° C. for a time from about 2 lo 
about 24 hours. Very preferably the reaction is carried oul at 
a temperature from about 70 to about 90° C. for a lime from 
about 2 to about 6 hours. 45 

Since the inventive reaction is an addition reaction, rather 
than a condensation reaction, the reaction typically proceeds 
substantially to completion, i.e., the inventive polylhiocthers 
are produced in yields of approximately 100%. No or 
substantially no undesirable by-products are produced. In 50 
particular, the reaction docs not produce appreciable 
amounts of malodorous cyclic by-products such as are 
characteristic of known mclhods for producing polythioei- 
hers. Moreover, the polylhioelhers prepared according lo the 
invention are substantially free of residual catalyst. As a 55 
result, no free calalysi is available to further read with the 
polythioelher, in particular in the presence of water at room 
temperature, to degrade the polymer and produce malodor- 
ous cyclic compounds. Thus, the inventive polylhioelhers 
arc characterized both by thermal stability and by low odor. 60 

Polythioeihers according to the invention are useful in 
applications such as coatings and scalanl compositions, and 
preferably arc formulated as polymerizable sealant compo- 
sitions in applications where low temperature flexibility and 
fuel resistance are important. Such sealant compositions are e5 
useful, e.g., as aerospace sealants and linings for fuel tanks. 
A first preferred polymerizable composition thus includes at 
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least one polythioether as described herein; a curing agent or 
combination of curing agents; and a filler. 

The polythioelher or combination of polylhiocthers pref- 
erably is present in the polymerizable composition in an 
amount from about 30 wt % lo about 90 wt %, more 
preferably about 40 to about 80 wt %, very preferably about 
45 lo about 75 wt %, wilh the wt % being calculated based 
on the weight of all non-volatile components of the com- 
position. Preferably, the of ihe polythioethcr(s) used in 
the polymerizable composition is nol higher than -55° C, 
more preferably nol higher than -60° C. 

Curing agents useful in polymerizable compositions of 
the invention include epoxy resins, for example, hydanloin 
diepoxide, diglycidyl ether of bisphenol-A epoxides, digly- 
cklyl ether of bisphenol-F epoxides, Novolak type epoxides, 
and any of the cpoxidized unsaturated and phenolic resins. 
Other useful curing agents include unsaturated compounds 
such as acrylic and inethacrylic esters of commercially 
available polyoLs, unsaturated synthetic or naturally occur 
ring resin compounds, TAC, and olefin ic tcrminaled deriva- 
tives of the compounds of the present invention. In addition, 
useful cures can be obtained through oxidative coupling of 
the thiol groups using organic and inorganic peroxides (e.g., 
Mn0 2 ) known to those skilled in the art. Selection of the 
particular curing agent may affect the 'Y M of the cured 
composition. For example, curing agents that have a T H 
significantly lower lhan the Y g of the polylhioether may 
lower the T g of the cured composition. 

Depending on the nature of the polylhioether(s) used in 
the composition, the composition will contain about 90% lo 
about 150% of the stoichiometric amount, preferably about 
95 to about 125%, of the selecled curing agenl(s). 

Fillers useful in the polymerizable compositions of the 
invention include those commonly used in Ihe art, such as 
carbon black and calcium carbonate (CaC0 3 ). Preferably, 
the compositions include about 5 to about 60 wt % of the 
selected filler or combination of fillers, very preferably about 
10lo50wl%. 

The polylhioelhers, curing agents and fillers employed in 
polymerizable compositions of the invenlion, as well as 
optional additives as described below, should be selecled so 
as to be compatible wilh each other. Selection of compatible 
ingredients for the inventive compositions can readily be 
performed by those skilled in the art without recourse lo 
undue experimentation. 

The foregoing polymerizable compositions preferably are 
curable at a minimum temperature of about 0° C (i.e., at a 
temperature of about 0° C. or higher), more preferably about 
-10° C, very preferably about -20° C, and have a \ g when 
cured nol higher than about -55° C, more preferably not 
higher than -60° C, very preferably not higher lhan -65° C. 
When cured, ihe polymerizable compositions preferably 
have a % volume swell nol greater lhan 25%, more prefer- 
ably not greater than 207c, after immersion for one week at 
60° C. (140° F.) and ambient pressure in jet reference fluid 
(JKF) type 1. 

In addition to the foregoing ingredients, polymerizable 
compositions of the invenlion can optionally include one or 
more of the following: pigments; thixolropes; accelerators; 
retardants; adhesion promoters; and masking agents. 

Useful pigments include those conventional in the art, 
such as carbon black and melal oxides. Pigments preferably 
are presenl in an amount from about 0.1 to about 10 wi %. 

Thixolropes, for example silica, are preferably used in an 
amount from about 0.1 to about 5 wt %. 

Accelerators known to the art, such as amines, preferably 
are present in an amount from about 0.1 to about 5 wt %. 
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Two such useful accelerators are l,4-diaza-bieyelo[2.2.2] Plasticizers thai are useful in polymcrizable compositions 

octane (IMBCO®. commercially available from Air of the invention include phthalatc esters, chlorinated 

Products, Chemical Additives Division, Allcnlown, Pa.) and paraffins, hydrogcnaled terphcnyls, elc. The plasticizcr or 

DMP-30® (an accelerant composition including 2,4,6-tri combination of plasticizers preferably constitute 1 to about 

(climctbylaminomethyl)plienol, commercially available 5 40 wt %, more preferably 1 to about 10 wt % of the 

from Kohm and Haas. Philadelphia, Pa.). composition. 

RetardanLs, such as stearic acid, likewise preferably arc Depending on the nature and amount c^f the plasticizcr(s) 

used in an amount from about 0.1 to about 5 wt%. Adhesion used in the composition, polythioelhers of the invention 

promoters, which can be, for example, conventional pheno- which have T g values up to about -50° C, preferably up to 

licsorsilanes, if employed are preferably present in amount to ahout -55° C, can be used. 

from about 0.1 to about 5 wt %. Masking agents, such as The foregoing polymerizablc compositions also prefcr- 

pinc fragrance or other scents, which are useful in covering ably are curable at a minimum temperature of about 0° l\, 

any low level odor of the composition, are preferably present more preferably about -10° C , very preferably about -20° 

in an amount from about 0.1 to about 1 wt %. C. 

An additional advantage of sealant compositions accord- 15 The present invention is illustrated in more detail by 

ing to the invention is their improved curing behavior. The means of the following non-limiting examples, 

extent of cure of a sealant composition as a function of time In examples 1-8, liquid polythioethcrs were prepared by 

is often difficult to measure directly, but can be estimated by stirring together one or more dithiols with one or more 

determining the extrusion rate of the composition as a divinyl ethers and a trifunctionalizing agent. The reaction 

function of time. The extrusion rale is the rate at which a 20 mixture was then heated and a free radical catalyst was 

mixed sealanl composition, i.e., a sealanl composition added. All reactions proceeded substantially to completion 

together with an accelerator system, is extruded from an (approximately 100% yield), 
applicator device. Since the sealant composition is mixed 

with the accelerator system, curing begins, and the extrusion Example 1 

rate changes with lime. The extrusion rale thus is inversely 25 | n a ? L flask, 524.8 g (3.32 mol) of diethylcne glvcol 

related to the extent of cure. That is, when the extent of cure ^ elhef mEG-DVE) and 706.7 g (3.87 mol) of dimer- 

is low, the viscosity of the mixed sealant composition is low cap|odioxaoclane (DM DO) were mixed with 19.7 g (0.08 

and thus the extrusion rate is high When the reaction mo |) of triallylcyanuratc (TAC) and heated to 77° C. To Ihc 

approaches completion, the viscosity becomes very high, healcd mixlufe WJJS addcd 4 6 (() 024 mo|) of M 

and the extrusion rate thus becomes low. 30 azobisnilrilc frce radical calalysl (V AZO® 67 [2,2'-azobis 

With reference to FIG. 1, the viscosity of some known (2-methylbutyronitrile), commercially available from 

types sealant composite as remains low for an extended DuPonl< ). Th c rcacl i 0 n proceeded substantially lo complc- 

time, because the compositions are slow to cure. Such ^ afler 2 hourR [Q aflfonJ 125Q (Q Jg mol> y[M m %) of 

compositions have extrusion curves qualitatively similar to a { . (hioethcr rcsin havi a T of -68° C. and a 

curve A. Other known types of sealant composition cure 35 viscosit of 65 ise ^ rcsin was fai *„ y ycllow and had 

very quickly, and thus their viscosity rapidly increases. fow 
Consequently, thc extrusion rate rapidly decreases, as shown 

in curve B. Desirably, a mixed sealanl composition should Example 2 
have a low viscosity, and thus a high extrusion rate, for a 

length of time sufficient to allow even application of the 40 In a 1 L flask, 404.4 g (1.60 mol) of PLURIOL® E-200 

sealant composition to the area requiring sealing, but then divinyl ether and 355.88 g (1.94 mol) of DMDO were mixed 

should cure rapidly after application, i.e., their extrusion rale with 12.1 g (0.049 mol) of TAC and reacted as in Example 

should quickly decrease. Sealant compositions according lo I. ITie reaction proceeded substantially to completion after 

the present invention are characterized by this desirable 5 hours to afford 772 g (0.024 mol, yield 100%) of a resin 

extrusion curve, as illustrated qualitatively in curve C. 45 having a T g of -66° C. and a viscosity of 48 poise. The resin 

Sealant compositions according lo the present invention was ycllow and had low odor, 
can have, depending on the particular formulalion, initial 

extrusion rates as high as 500 g/min or higher, logether with Example 3 

low extrusion rates on the order of about 5 to 10 g/min or In fl m m] ^ „ 2 (() 2] moI) of DEG . DV E and 

less after curing times on the order of one hour so ^ . Qf ^.propanedilhiol were mixed with 

As shown in FIG. 2, the initial extrusion rate of a polymer Q J5 {QW3 mo|) of TAC and healed t0 71 . c To lhc 

of the present invention (Example 1, below cured with an hea|cd mim|c ww ad(Jcd Q M g (0 g mm()l) of 

cpoxy curing ageni as described below) is about 550 g/min, V AZO® 67. The reaction proceeded substantially to 

then falls rapidly to about 20 g/min after 70 minutes. In ]ction aftcr 7 h()urs Ul atTord m g {(M)3 mo | f yicld 

comparison, a known pplysulhde (cured with Mn0 2 ) has an 55 m%) Qf a resjn hflvi a T of _ 61 „ c and a viscosily nf 

initial extrusion rate of about 90 g/min, which slowly tails n ^ ^ ^ a no * iccaMe p DT odor . 
to about 20 g/min after 70 minutes. 

A second preferred polymerizablc composition combines Example 4 
one or more plasticizers with the polythioelher(s), curing 

agent(s) and tillers) descrihed above. Use of a plasticizcr oo In a 100 mL flask, 33.3 g (0.136 mol) of tripropylcne 

allows the polymcrizable composition to include polylhio- glycol divinyl ether (DP!>3) and 27.0 g (0.170 mol) of 

ethers which have higher X g than would ordinarily be useful dimercaptodimethytsullide (DMDS) were mixed with 0.69 g 

in an aerospace sealant. That is, use of a plasticizcr effec- (0.(K)3 mol) of TAC and heated to 77° C. To the heated 

lively reduces the T of the composition, and thus increases reaction mixture was added 0.15 g (0.8 mmol) of VAZO® 

the low- temperature flexibility of the cured polymcrizable 65 67. The reaction proceeded substantially to completion after 

composition beyond that which would be expected on Ihe 6 hours lo alTord 61 g (0.028 mol, yield 100%) of a resin 

basis of thc Y g of ihe polylhioelhers alone. having a T^ of -63° C. and a viscosity of 26 poise. 
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In a 250 ml. flask, 113.01 g (0.447 mol) of PLURIOL® 
E-200 divinyl ether and 91 .43 g (0.498 mol) of DMDO were 
mixed with 1.83 g (0.013 mol) of 1,2,3-propanetrithiol 
(PIT) and allowed to react exothcrmically for 72 hours. The 
mixture was then heated to 80° C. To the healed reaction 
mixture was added 0.2 g (1 mmol) of VAZO® 67. The 
reaction mixture was maintained at 80° C, and the reaction 
proceeded substantially to completion after 3 hours to afford 
200 g (0.06 moL yield 100%) of a resin having a T g of -66° 
C. and a viscosity of 55 poise. 

Example 6 

In a small jar, 14.0 g (0.055 mol) of PLURIOL® E-200 
divinyl ether, 6.16 g (0.336 mol) of DMDO and 5.38 g 
(0.336 mol) of DMDS were mixed with 0.42 g ( 0.017 mol) 
of TAC (briefly heated to melt the TAC) and heated to 82° 
C. To the heated reaction mixture was added 0.2 g (0.001 
mol) of VAZO® 67. The reaction proceeded substantially to 
completion after 18 hours to afford 26 g (8.4 mmol, yield 
100%) of a resin having a T R of -63 p C. and a viscosity of 
80 poise. 

Example 7 

In a small jar, 13.55 g (0.054 mol) of PLURIOL® E-200 
divinyl ether, 10.44 g (0.057 mol) of DMDO and 1 .44 g (8. 1 
mmol) of ethylcyciohexanedilhiol (ECHDT) were mixed 
with 0.40 g (1.6 mmol) of TAC (heated briefly to melt the 
TAC) and heated to 82° C. To the heated reaction mixture 
was added 0.2 g (0.001 mol) of VAZO® 67. The reaction 
proceeded substantially to completion after 5 hours to afford 
26 g (8.1 mmol, yield 100%) of a resin having a T, of -66° 
C. and a viscosity of 58 poise. 

Example 8 

In a small glass jar, 9.11 g (0.036 mol) of PLURIOL® 
E-200 divinyl ether, 5.71 g (0.031 mol) of DMDO, 1.52 g 
(7.8 mmol) of ECHDT, 5.08 g (0.031 mol) of DMDS and 
4.11 g. (0.024 mol) of hexanediol divinyl ether (HD-DVE) 
were mixed with 0.39 g (1.6 mmol) of TAC (heated briefly 
to dissolve the TAC) and heated to 82° C. To the heated 
reaction mixture was added 0.6 g (3.1 mmol) of VAZO® 67. 
The reaction proceeded substantially to completion after 
about 45 hours to afford 2.6 g (7.8 mmol, yield 100%) of a 
resin having a T^ of -66° C. and a viscosity of 304 poise. 
The resin had a cloudy appearance. 

Each of the foregoing resins was evaluated for odor. I*he 
following scale was employed: 3: strong, offensive odor; 2: 
moderate odor; I: slight odor; 0: substantially odorless. 

The polymer described in Example 3 of U.S. Pat. No. 
4,366,307 was used as a control. This polymer (the "control 
polymer") had an odor of 3. 

Results were as follows: 



epoxy novolak (equivalent weight 175.5) 

hyduiuoin epoxy (equivalent weighl 132) 

calcium carbonate 

carbon black 

silanc adhesive promoter 



22 wi % 
34 w\ % 
34 wt %> 
5 wt % 
5 wi % 



in 



20 



The cured resins were evaluated for odor according to the 
procedure set forth above. The T^ and the percent weight 
gain after immersion in JRF type 1 for one week at room 
temperature and pressure were also measured for each of the 
cured resins. The volume swell and weight gain percentages 
were determined for each cured material as follows: 

w, -initial weight in air 

w 2 «iniiial weight in H 2 0 

W 3 -final weight in air 

W 4 -final weight in H 2 0 

% volume swell-lOOxKWj+WaHW.+W^l/tW^WJ 
% weight gain-10Ox(w^-w,)/w 1 
The results are given in Table I: 



Polymer 



Odor 



Polymer 



Odor 



All of the liquid polythioclhers thus had little or moderate 
odor except polymer 3, which had a strong odor. 

The resins prepared in Examples 1-8 were then cured. 
Curing was carried out using the uncompounded resins with 
a curing agent and DABCO accelerator. The curing agent 
had the following composition: 



TABLE I 
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Cured 
Resin 


1 


2 


3 


4 


5 


6 


7 


8 




Odor 


0 


0 


0 


0 


0 


0 


0 


0 




T g fC.) 


-59 


-61 


-61 


-63 


-62 


-5(3 


-59 


-58 




% fuel 


19 


22 






23 


19 


24 


27 




swell 


















30 


% wt 
gain 


14 


35 


15 


23 


15 


15 


19 


20 



In comparison, the control polymer had an odor of 1-2 
when cured. 
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Example 9 



Polythioethers having a number average molecular 
weight of 2100 and an average functionality F of 2.1 were 
40 prepared by combining a divinyl ether with a dithiol as 
shown in Table 2 and reacting the materials as described 
herein. The uncompounded polythioethers were then cured 
using 15 g of the curing agent described above and 0.30 g 
of DABCO. For each polythioether so prepared, the follow- 
45 ing quantities were measured: viscosity (uncurcd material, 
poise p); Shore A hardness (cured material, Rex duromcter 
value); % weight gain (cured material) after one week at 
140° F. (60° C.) and atmospheric pressure in JRF type 1; and 



50 



T g (uncured material, ° C), Results were as follows: 
TABLE 2 



55 



60 



65 



dithiol 
divinyl 
ether 


euidt 


DMDS 


DMDO 


HDr' 


DEU-DVE 


145 p 


(solid) 


27 p 


24 p 




44 Rex 


94 Rex 


25 Rex 


25 Rex 




27% 


3% 


14% 


29% 




-53 


-63 


-69 


-77 


PLURIOL® " 


77 p 


41 p 


59 p . 


IS p 




43 Rex 


47 Rex 


27 Rex 


23 Rex 




27% 


11% 


18% 


30% 




-57 


-bl 


-67 


-76 


BD-DVE" 


J85 p 


(solid) 


(solid) 


(solid) 




42 Rex 




20 Rex 


22 Rex 




44% 




21% 


44% 




-59 




-79 


-85 


HD-DVE 


155 p 


(solid) 


(solid) 


(soft solid) 




50 Rex 




J4 Rex 


29 Rex 
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TABU; 2-wntinued 



dilhiol 



divinyl 
ether 


kchw 


DMDS 


DMDO 






57<* 




21% 






-60 




-78 


-86 


Pbly-TIIF" 


91 p 


(solid) 


27 p 






30 Rex 


75 Rex 


J 7 Rex 






64*> 


:.y% 


37<ft 






-69 


-79 


-79 





■FLURIOLtt E-200 divinyl ether 
"Bulancdtol divinyl ciher 
' poly let rah ydroru ran divinyl clhcr 
'Mlexanedi thiol 



From the foregoing lablc it is apparent that the following 
combinations of divinyl ether and dithiuf afford liquid 
polythioethers having unexpectedly superior fuel resistance 
and low temperature llexibility when cured: PLURIOL® 
E-200/DMIX); and DECi-DVE/DMIX). Other potentially 
useful combinations include DEG-DVE/ECHDT; DEG- 
DVE/HDT; PLURIOL® E-200/ECHDT; PLURIOL® 
E-200/HDT; and poly-THF/DMDO. PLURIOL® E-200/ 
DMDS also has excellent fuel resistance and low tempera- 
ture flexibility when cured, but the uncompounded material 
does not remain in a liquid state for an extended period of 
time. 

Example 10 

Addition of DMDS to PLUR10L®/DMDO 
Polymers 

Four liquid polythiols were prepared as described herein. 
The polymers had the following compositions (listed values 
arc molar equivalents): 







2 


3 


4 


PLURIOL® 


0.6 


6.6 


0.6 


6.6 


I>200 
DMDO 


a 


6 


4.5 


4 


DMDS 


0 


2 


3.5 


4 



Each uncompounded polymer was cured as in Example 9 
(1 5 g of the curing agent composition and 0.30 g of 
DABCO), with the addition of 0.2 molar equivalents of TAC 
to afford polymers having a number average molecular 
weight of about 3000 and a functionality F of 2.2. For each 
polymer, the following properties were measured: T H (resin, 
° C); T (cured, ° C); viscosity (p); % swell in JRF type 1; 
% weight gain in JRF type 1; and % weight gain in water. 
Results are given in Table 3. 



TABLE 3 





1 




3 


4 


T g (resin) 


-67 


-66 


-64 


-63 


(cured) 


-59 


-58 


-56 


-56 


Viscosity 


S9 


53 


62 


80 


JRF 










<S> Swell 


24 


21 


21 


20 


% Wt Cfaic 


18 


15 


16 


16 


Ef.O 


11.8 


11.5 


7.4 


7.5 



'"rWl Gain 



All of the foregoing polymers displayed excellent fuel 
resistance. Polymers 1 and 2 in particular also displayed 
excellent low temperature llexibility. 
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Example 11 

Addition of ECHDT lo PLURIOL®/DMDO 
Polymers 

Four liquid polythiols were prepared as described herein. 
The polymers had the following compositions (listed values 
are molar equivalents): 
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1 


i 


3 


4 


PLURIOL ® 


6.6 


6.6 


6.6 


0.6 


ri-2UU 










DMDO 


8 


7 


6 


s 


EC! IDT 


0 


1 


2 


3 



Each uncompounded polymer was cured as in Example 
10 to afford polymers having a number average molecular 
weight of about 3000 and a functionality F of 2.2. For each 
polymer, the following properties were measured: (resin, 
° C); T tf (cured, ° C); viscosity (p); % swell in JRF type 1; 
% weight gain in JRF type i; and % weight gain in water. 
Results are given in Table 4. 



25 



30 



TABLE 4 




1 


2 


3 


4 


T e (resin) 


-67 


-66 


-65 


-64 


(cured) 


-59 


-59 


-58 


-56 


Viscosity 


59 


36 


44 


50 


JRF type 1 










% Swell 


24 


25 


28 


29 


% Wt Gain 


18 


18 


19 


19 


H,0 


H.8 


10.8 


8.3 


7.8 



£ .c Wt Gain 

35 

All of the foregoing polymers displayed good fuel resis- 
tance and low temperature flexibility. 

Example 12 

40 In a 250 mL 3-neck flask equipped with a stirrer, ther- 
mometer and condenser, 87.7 g (0.554 mol) of DEG-DVE 
and 112.3 g (0.616 mol) of DMDO are mixed and healed to 
77° C (about 170° F). To the mixture Ls added 0.8 g (4.2 
mmol) of VAZO® 67 catalyst. The reaction mixture is 

45 reacted at 82° C. (about 180° F.) for about 6 hours to afford 
200 g (0.06 mol, yield 100%) of a low viscosity liquid 
polylliioether resin having a thiol equivalent of 1625 and a 
functionality F of 2.0. 

50 Example 13 

In a 250 mL 3-neck flask equipped with a stirrer, ther- 
mometer and condenser, 26.7 g (0.107 mol) of TAC, 56.4 g 
(0.357 mol) of DEG-DVE and 117.0 g (0.642 mol) of 

55 DMDO arc mixed and heated to 77° C. (about 170° K). To 
the mixture is added 0.8 g (4.2 mmol) of VAZO 67 catalyst. 
The reaction mixture is reacted at 82° C. (about 180° I.) for 
about 6 hours to afford 200 g (0.07 mol, yield 100%) of a 
high viscosity liquid polythiocther resin having an cquiva- 

60 lent of 800 and a functionality F of about 3.5. 

Example 14 
Sealant Composition 

A sealant composition including the DMDO/DEG-DVE 
polythiocther polymer of Example 1 was compounded as 
follows (amounts in parts by weight): 
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DMDO/DKti - D VI: Polythioeihcr 100 

Calcium carbonate ftO 

Magnesium oxide ) 

Phenolic resin 1 

DMP-30 1 

Uopiopyl alcohol 3 



The compounded polymer was mixed intimately with the 
cpoxy resin curing agent of Examples 9-1 1 above, in the 
weight ratio of 10:1 and cured at ambient temperature and 
humidity. The following physical properties were obtained 
for the cured composition: 



Cure hardness at 25" C. 


60 Shore A 


Pensile strength at break 


550 psi 


Llongotion at break 


600% 


Notched tear strength 


100 p/i 


I A7w- temperature flexibility 


piiKscd 


(AMS 3267 § 4.5.4.7) 





Example 15 
Sealant Composition 

A sealant composition including the I2CI IDT/DEG-DVK 
polythiocther polymer of Example 9 was compounded as 
follows (amounts in parts by weight): 



RCIim70KO-I)VF Polythioeihcr 


100 


Calcium carbonate 


54 


li yd ruled aluminum oxide 


20 


Magnesium oxide 


1 


Phenclic resin 


1 


Hydrogcnatcd terphenyl piasttci/er 


6 


DMP-30 


1 


Isopropyl alcohol 





The compounded polymer was mixed intimately with an 
epoxy resin curing agent in ihe weight ratio of 10:1 and 
cured at ambient temperature and humidity. The following 
physical properties were obtained for the cured composition: 



Cure hardness at 25" C. 


72 Shore A 


Tensile strength at break 


550 psi 


. Elongation at break 


450ft 


Notched tenr strength 


85 p/i 


Low-tcmpcrature flexibility 


passed 



Example 16 

OH-Terminated Capped Polythioeihcr 

In a 500 ml flask, 275.9 g (1.09 mol) PLURIOL® E-200 
divinyl ether, 174.7 g (0.95 mol) DMDO, 28.7 g (0.30 mol) 
3-mercaptopropanol and 1.83 g (7.3 mmol) TAC were 
mixed. The mixture was heated to 70° C, and 2.3 g (12 
mmol) VAZO® 67 were added slowly. The reaction mixture 
was stirred and heated at 85-90° C. for 4 hours to afford 480 
g (0. 15 mol, yield 100%) of a polymer having an equivalent 
weight of 1670 (number average molecular weight-3200, 
functionality F-2.05). 

Example 17 
OH-Terminatcd Capped Polythiocther 
In a 250 ml flask, 104.72 g (0.57 mol) DMDO, 80.73 g 
(0.51 mol) DEG-DVE and 14.96 g (0.13 mol) butanediol 
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monovinyl ether were mixed and heated to 75° C. To the 
heated mixture 0.60 g (3 mmol) VAZO® 67 were added 
slowly. The reaction mixture was stirred and healed al 
75-85° C. for 6 hours to afford 200 g (0.064 mol, yield 
5 100%) of a clear, nearly colorless polymer with very low 
odor and a viscosity of 79 poise al 20° C The equivalent 
weight was 1570 (number average molecular weight-3200, 
functionality F-2.00). 

10 Example 18 

Vinyl-Terminated Polythioether 

In a 250 ml tiask, 97.63 g (0.53 mol) DMDO, 97.66 g 
(0.62 mol) DEG-DVE and 5.31 g (0.21 mol) TAC were 

15 mixed and heated to 70° C. To the heated mixture 0.80 g (4 
mmol) VAZO® 67 were added slowly. The reaction mixture 
was stirred and healed at 85-90° C. for 4 hours to afford 200 
g (0.U mol, yield 100%) of a low-odor polymer having a T rf 
of -68° C. and a viscosity of 25 poise at 20° C. Hie 

20 equivalent weight was 1570 (number average molecular 
weight- 1900, functionality F-2.2). 

Example 19 

Ethyl Vinyl Ether-Terminated Polythioether 

In a 100 ml flask, 43.05 g (0.24 mol) DMDO, 34.22 g 
(0.22 mol) DEG-DVE and 2.84 g (0.04 mol) ethyl vinyl 
ether were mixed and heated to 80° C. To the healed mixture 
0.28 g (1.5 mmol) VAZO® 67 were added slowly, llie 

, 0 reaction mixture was stirred and heated al 85° C. for 6 hours 
to afford 80 g (0.02 mol, yield 100%) of a polymer having 
a T H of -67° C. and a viscosity of 64 poise at 20° C. (number 
average molecular wcight-4100, functionality F-2.0). 
What is claimed is: 

, 5 1. A polythioether comprising a structure having the 
formula I 

4() wherein 

R 1 denotes a divalent C z , 6 n-alkyl, C 3 ^ branched alkyl, 
C 6 . 8 cycloalkyl or C 0 . 10 alkylcycloalkvl group, — [( — 
CIU-^-X-l^-CH,-) or -t(-C;U : -) 
p — X — ] q — ( — CH 2 — ) r — in which at least one 

45 — ClU — unit is substituted with a methyl group, 

R 2 denotes methylene, a divalent C 2 ^ b n-alkyl, C 2 ^ 
branched alkyl, C 6 8 cycloalkyl or C 6 . 10 alkylcy- 
cloalkvl group, — {(— CiK— ) — X— ] q — <— CI I,— ) 
_ or _[ ( _ai 2 — ) . _X— V^-CHi-),-- in 

50 which at least one -— CII 2 — unit is substituted with a 
methyl group, 

X is one selected from the group consisting of O, S and 
— NR 6 — , 

R rt denotes II or methyl, 

in is a rational number from 0 to 10, 

n is an integer from 1 to 60, 

p is an integer from 2 to 6, 

q is an integer from 1 lo 5, and 
60 r is an integer from 2 to 10, 

said polythioeihcr being a liquid at room temperature and 
pressure. 

2. The polythioether of claim I which has a glass iransi 
lion temperature 'V g not higher than -50° C. 
o5 3. Hie polythioether of claim 1 which, when cured, has a 
% volume swell not greater than 25% after immersion for 
one week in JRF type 1 at 60° C. and ambient pressure. 
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4. The polythioether of claim 1 which has a number 
average molecular weigh! between about 500 and 20,000. 

5. The polyihinclher of claim 1 having the formula II 

A— (— IR"*!,.— R*)., II 
wherein 

A denotes a structure having the formula I, 
y is 0 or 1, 

R 3 denotes a single bond when y-0 and — S — (CH 2 ) 2 — 

[— o— R 2 — ] m — O— when y-1, 
R 4 denotes — SH or — S — ( — CI I , — ) 2 — O — R 5 when 

V-0 and — <:il.=CIU or — (CUV— S— R s when 

y-i. 

R 5 denotes C,. fi n-alkyl which is unsubstitutcd or substi- 
tuted with at least one —Oil or — NHR 7 group, and 
R 7 denotes H or a C 16 n- alky I group. 

6. 'Hie polythioethcr of claim 5 wherein y-0. 

7. The polythioether of claim 6 wherein R 4 is — SH. 

8. I^e polythioelherof claim 7 wherein (i) when m-1 and 
R--n-butyI, R 1 is not ethyl or n-propyl, and (ii) when m-1, 
p-2, q-2, r-2 and R 2 -ethyl, X is not O. 

9. The polythioether of claim 6 wherein R 4 is — S — ( — 
CH 2 — ) 2 — O — R\ 

10. The polythioether of claim 9 wherein R 5 is n — C 2 H 5 , 
n — C 4 II 0 — OH or n— C 3 H 7 — N!I 2 . 

11. The polythioether of claim 5 wherein y-1. 

12. The polythioether of claim 11 wherein R 4 is 
— CI I=CI1 2 

13. The polythioether of claim 11 wherein R 4 is 
— <CII 2 — )r-S— R\ 

14. The polythioether of claim 13 wherein R 5 is 
n — C 3 H 7 — OH. 
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15. The polythioether of claim I having the formula III 



B — (A — (K*| v — K 4 ). 



Ill 



:h : ) 2 - 



wherein 

A denotes a structure having the formula I, 
y is 0 or 1 , 

R 3 denotes a single bond when y-0 and - 

[ — O — R~ — ]„ — O — when y-1, 
R' 1 denotes — SI I or — S — ( — CI l 2 — ) 2 — O — R 5 when 

y-0 and — C.U.— CH« or — (CI L — — S — R 5 when 

R 5 denotes C,. tf n-alkyl which is unsubstitutcd or substi- 
tuted with al least one — OH or —NHR 7 group, 
R 7 denotes H or a n-alkyl group, 
z is an integer from 3 to 6, and 

B denotes a z-valent residue of a polyfuuctionalizing 
agent. 

16. 'Hie polythioether of claim 15 wherein z-3. 

17. The polythioether of claim 16 which has an average 
functionality from about 2.05 to 3.00. 

18. The polythioether of claim 15 wherein y=0. 

19. The polythioether of claim 18 wherein R 4 is — SI I. 

20. The polythioether of claim 18 wherein R 4 is — S — 
( — CI I 2 — ) 2 — O — R 5 . 

21. The polythioethcr of claim 15 wherein y-1. 

22. The polythioclhcr of claim 21 wherein R 1 is 
— CH—CH* 

23. The polythioether of claim 21 wherein R 4 is 

— (ni 2 — h—s— 
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Second Inventort signature _ . 



1/ 



Residence: Van Nuys, fcafifomia. United Stales of America Crozenship: United States 

Post Office Address: 17420 Vtn Owen Street, 15 
Van Nuys, California 91406 



Full name of third joint inventor, if uy (given nana, frnuTy name): David W. Jordan 

Third Inventor's signature ^f— — — — 

Residence: Northridgc, CaJifomia, United States of America CWaensnip: United 

Post Office Address: 10960 Des Moines Avenue 

Northridgc, California 91326 

Full name of fourth joint inventor, if any (given name, family name): Chandra & Rao 



Residence: VaJencia, California, United Stales of America Citizenship: 
Post Office Address: 25716 North Player Dr, #T-13 
Valencia, California 91355 

Full name of fifth joint inventor, if any (given name, family name): Hakam Slat* 
Fifth Inventor's signature . . 



Residence; Bradbury, California, United Stales of America Otizenship: United States 

Post Office Address: 706 Winston Avenue 

Bradbury. California 91010 

Full name of sixth joint inventor, if any (given name, family name): Ahmed Sharaby 
Sixth Inventor's signature m _ Date . 



Residence: Canyon Country, California, United States of America Citizenship: United States 

Post Office Address: 15S66 Fakonrim 
U Canyon Country, California 91351 



